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1.0 INTRODUCTION 
1.1 Scope of Document 
This document specifies the informational interfaces 
within the HAL/S-FC compiler, and between the compiler and 
the external environment. An overall description of the 
compiler, and the hardware and software compatibility 
requirements between compiler and environment aredeuailed 
in the HAL/S-FC Compiler Functional specificationl • Familiar..,. 
ization with the Functional Specification is presumed through-
out this document. -
This Compiler System Specification is for the HAL/S-FC 
compiler and its associated run time facilities which implement 
the full HALlS language 2 • The HALlS-Fe compiler is designed 
to operate "stand-alone" on any compatible IBM 360/370 computer 
and within the Software Development Laboratory (SOL) at NASA/JSC, 
Houston, Texas. 
1.2 Outline of the Oocument 
The HAL/S-FC compiler system consists of: 
1) a four phase language processor (compiler) which 
produces object modules compatible with AP-lOl Space 
Shuttle Support Software and a set of simula·tion tables 
to aid in run time verification. 
2) a comprehensive run-time library which provides 
an extensive set of mathematical, conversion, and 
language support routines. 
The organization of this document is based upon 
the organization of the compiler system. Each part of the 
system is considered as a separate entity with its own 
specific function and interfaces to other parts. Hence, 
there are four sections which cover the parts of the system 
as follows: 
1 
2 
HAL/S-FC Compiler System Functional Specification, 24 July 
1974, IR #59-4. 
HALlS Language Specification, l4 November 1975, IR #61-7. 
1-1 
.. ,\. 
INTERMETRICS INCORPORATED. 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSErr§~~hV38 • (617) 661-1840 
. ' 
•. 1. 
, 
l 
,~ f 
" -
Section 2 - describes Phase I and the syntax analysis 
phase of the compiler. 
Section 3 - describes Phase II and the code generation 
phase and specifies in detail the code patterns 
for specific HALlS constructs. 
Section 4- describes Phase III and the operation of the 
Simulation Data File generator. 
Section 5 - describes the Runtime Library and the 
concepts used in the library and also gives 
specific information about each library routine 
including size, speed, and algorithm. 
In addition to this part-by-part documentation, the compiler 
system, taken as a whole, exhibits properties and interfaces 
which are not specific to anyone of the piec:es. General 
information about such topics as the compiler's operating 
environment and user-written interfaces to emitted object 
code are contained in Section 6. Several Appendices are 
included which deal with tabular data used in the compiler 
system. 
1.3 Status of Document 
This document, plus the HAL/S-FC Compiler System Functional 
Specification comprise the complete HAL/S-FC compiler System 
Specificaiton. This publication is a specification for Release 
10.0 of the HAL/S-FC compiler system. 
The HAL/S-FC compiler inherits some of its operational 
features from the HAL/S-360 compiler system for which a 
similar Specification exists. In addition, many features 
of the HAL/S-FC system are under control of Inb:~rface 
Control Documents which are sUbjec·t to update. When 
appropriate within this document I references are made to 
these companion documents as sources of supplementary 
material and in some cases as primary sources of detailed 
information. 
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The follo'lling list of documents represents the set 
of additional documents which reflect design and control 
of the HAL/S-FC compiler system: 
• HAL/S-FC Compiler System Functional Specification, 
IR #59-4, 24 July 1974, by Intennetrics, Inc. 
• Interface Control Document: HAL/FCOS, Revision 3, 
Published by IBM Federal systems Division, 
Houston, Texas. 
• Interface control Document: HAL/SDL, Revision 6, 
~ublished by IBM Federal Systems Division, 
Houston, Te}{as. 
• HAL/S-360 Compiler System Specification, IR #60-4, 
by Intermetrics, Inc. 
• HAL/S Language Specification, IR #61-7 , Published 
by Intermetrics, Inc. 
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2.0 PHASE I - SYNTAX ANALYSIS 
The Syntax Analysis Phase performs syntactic and 
semantic analysis of the user's HALlS source programs. 
It performs all functions necessary to allow an independent 
Phase II program to generate code for the target computer. 
The basic design of the HALlS system includes use of a 
single Phase I-for a variety of target machine Phase II's. 
Thus, the phase I used by the HAL/S-FC compiler is the same 
one used in the HAL/s-360 compiler. In this section on 
phase I, data which is supplied in detail in the HAL/S-360 
Compiler System Specification is not repeated. Instead, 
reference is made to the proper-section of that document. 
This section deals with the following Phase I functions: 
• Primary Source !nput 
• Secondary Source Input 
• ACCESS System Implementation 
• Compiler Directives 
• Template Checking and Generation 
• Printed Data 
• Symbol Table Creation 
• Statement Table Generation 
• Literal Table Generation 
• HALMAT Creation 
• The Optimizer 
2-1 
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2.1 Primarx Source Input 
Phase I a,ccepts primary source input in the form of 
fixed length logical records. This input must be defined 
by the SYSIN DD statement in the JCL invoking the compiler. 
The first byte of each record is used to define the type of 
the record as follows: 
M - main line 
E - exponent line 
S - subscript line 
D - compiler directive 
C comment 
For stand-alone operation the source records are 80 bytes 
in length and may contain data in columns 2-80. Optionally, 
the user may designate, via the "SRN" compiler option, that 
the source scanning is to stop at position 72 and also that 
positions 73-78 are to be printed on the listing as "Statement 
Reference NuIIlbersll. 
When operating in the SDL environment, indicated by 
use of the IISDL" compiler option, the source records must 
still be all the same length but that length may be from 
80 to 132 characters. When in the SDL mode, the compiler 
accepts source data from record positions 2 through 72. 
In addition, when the records are of sufficient length, 
the following fields are recognized and printed on the 
primary source listing: 
• Record Sequence Number - positions 73 through 78; 
• Record Revision Indicator - positions 79 and 80; 
• Change Authorization Field - positions 81 - 88. 
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Portions of records beyond position 88 are ignored. 
The compiler's primary input may optionally be in 
a compressed source format as defined in the HAL/SDL lCD. 
No special notification of use of compressed source is 
needed. Phase I determines the type of input by examining 
the first record. Catonated datasets defined as primary 
compiiler input must all be either in compressed or non-
compressed format for one invocation of the compiler. 
2.2 Secondary Source Input - The INCLUDE System 
The user may direct the compiler to an alternate input 
source by use of an INCLUDE compiler directive in the primary 
input. The exact form of the INCLUDE directive may be 
found in Appendix B. 
The INCLUDE directive defines a member name in a 
partitioned dataset. Phase I uses a FIND macro to locate 
the member on the INCLUDE DD card. If the FIND is unsucces~ 
sful, an identical FIND is issued for the OUTPUT6 DD card. 
A member, when located, is read to its end by the compiler. 
The records are processed identically to primary (SYSlN) input 
with the exception that further INCLUDE directives within 
INCLUDE'd source are hot allowed. The same source margins 
are applied to the INCLUDE'd source as are applied to the 
primary input. In addition, the compiler prints a line in 
the primary source listing indicating the catenation sequence 
number of the DDcard on which the member was found and the 
RVL field from the PDS directory entry for the member. The 
RVL field is the first 2 bytes of user data after any TTRN's. 
The individual members which are INCLUDE'd may be in 
either compressed or uncompressed format, independent of whether 
the primary input was compressed. The form of each INCLUDE'd 
member is determined by the compiler from the first record 
read. 
Partitioned datasets may be catonated together in the JCL 
to form the INCLUDE DD sequence, but such datasets must have 
identical DCB attributes. 
2-3 
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2.3 ACCESS Right~ Implementation 
The HALlS language allows managerial restrictions to 
be placed upon the usage of user-defined variables and external 
routines. The existence of such a restriction is indicated by 
the use of the ACCESS attribute as described in the HALlS 
Language Specification. The manner in which the restrictions 
are enforced in the HAL/S-FC compiler system is described 
below. 
Any variable in a COMPOOL template or any external 
routine to which the ACCESS attribute has been applied is 
considered to be restricted for the compilation unit which 
is being compiled. The restriction is slightly different 
for variable~ than for blocks: 
a) Variables with the ACCESS attribute may not have 
their values changed. 
b) Block nw'1les may not be used at all. 
These restrictions may be selectively overridden for individual 
variable and block names. The selection of which ACCESS controll
ed 
names are to be made available to the unit being compiled is perf
ormed 
by processing an external dataset. The external dataset is known
 
as the Program Access File C~AF). The PAP must have partitioned 
organization and is specified by the following JCL: 
IIHAL.ACCESS DD DSN=<PAF name>, <other parameters> 
where the <PAF name> is the dataset name of the PAP without any 
member specification. 
Each member of the PAP contains the information about 
ACCESS controlled names which arG to be made available to one un
it of 
compilation. The member name is defined by a Program Identifica-
tion Name (PIN). The PIN is specified to the HAL/S-FC compiler 
by using the PROGRAM compiler directive in the primary input 
stream; 
col 1 
D PROGRAM XD = <id> 
, 
The <id> field of the directive is a 1 to 8 character 
identifying name which is used to select the member of the 
PAF to be processed for the current compilation's ACCESS 
information. The appearance of the PROGRAM directive in the 
compiler's input stream causes immediate processing of the PAF 
member specified. 
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The format of an individual PAP member is described 'below. 
a) Column 1 of each record is ignored except when 
column 1 contains the character "C",in which 
case the entire record is ignored. 
b) The portion of each record which is processed is 
the same portion which is processed in the primary 
compiler input (SYSIN). 
c) COMPOOL elements which are to be made available 
to the compilation are specified as: 
< COMPOOL-name > «var-name>, <var-name>, <var-name» 
or 
<COMPOQL-name> ($ALL) 
The first format specifies access to individual 
variables within the named COMPQOL. The second 
format specifies access to all variables within 
the named COMPOOL. 
d) Access to external block names is specified as: 
$BLOCK «ext-name>, <ext-name>, ••• <ext-name» 
'e) Blanks are allowed anywhere in the record except 
that names may not be broken by a blank. 
f) Either of the constructions (c) or (d), above, may 
span more than one record. 
g) The name of the particular COMPOOL in the form 
(c) above may appear more than once; i.e. 
the variables in a particular COMPOOL do not 
have to be specified at one time. Similarly, 
the form $BLOCK may appear more than once. 
Some validity checking is performed by the compiler 
while processing the PAF member. Warnings are issued for 
the following conditions: 
1) A syntax error on a PAF record - the bad record 
is printed. 
2) Names mentioned in the PAF are not defined. 
3) Elements of $BLOCR in the PAP are not defined . 
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4) Requests for na~e5 which are not ACC
ESS 
protected. 
5) Variables found, but not within the C
OMPOOL 
specified. 
6) Names used in the context of a COMP
OOL-narne 
which are not COMPOOLs. 
If, at the time the PROGRAM dire
ctive is encountered, there 
have been no ACCESS-controlled v
ariables declared, the PAP 
is not opened. If a user does n
ot require access to any, 
the PROGRAM directive and associ
ated PAP members may be 
omitted. 
2.4 Compil~r Directive Parsing 
When an input record is found wh
ich contains a UD" 
in column one, Phase I scans the
 remainder of the card for 
a valid compiler directive. A li
st of legal compiler 
directives and their function is 
listed in Appendix B. 
Directive processing is done inde
pendently of HALlS 
source language parsing, i.e. wo
rds used on Directiv~ cards 
are not necessary HALls language
 keywords. Similarly, 
HALlS language keywords are not 
recognized as such on 
Directive cards. 
2.5 Template Checking and Genera
tion 
Phase I assumes the task of sour
ce template verification 
and generation. Every compilatio
n unit in the HAL/S-FC 
system has a source template. W
hen the block header for a unit 
of compiler is encountered, Phas
e I begins to construct the 
source -template for that unit as
 follows. 
The member name for the template 
being created is determined. 
This is done by taking the "char
acteristic name" for the unit 
and preceeding it by the charact
ers l@@l. The characteristic 
name for any unit is created by 
taking the block name, removing 
any underscore characters, and th
en padding or truncating the 
result to 6 characters. An attem
pt is made to locate a member 
of this name on either the INCLU
DE or OUTPUT6 DD cards. If 
such a member is found, the cont
ents of the member are compared 
with an internal, temporary temp
late created as the compila ... 
tion proceeds. If the existing 
template and the internal one 
2-6 
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agree, a template update is not required, and the existing 
template remains intact. If the templates do not agree, the 
internal template is written to the OUTPUT6 00 card and STOW'ed 
with the current member name. If the initial search for an 
existing template fails, the generated template is automatically 
written and STOW'ed on the OUTPUT6 00 card. The POS directory 
entry for a template member is created with two bytes of 
user data. The two bytes are initialized to X'FOFO,'. 
Phase I also sets appropriate bits in a field which is 
passed back to the caller of the compiler as the high order 
byte of register 15. The definitions of these bit settings 
is defined in the HAIJ/SDL lCD. 
Generation of the internal template is performed during 
syn'tax analysis on a token by token basis. As statements 
are encountered which are required in the template, the tokens 
from the statements are added to an internal buffer. When 
a new token will no longer fit in the buffer, the buffer i.s 
written and clearned for continuation. Thus, the templates 
take the form of strings of HAL/S tokens separated byona block. 
The template statements are continued from one line to the next 
without regard for statement boundaries, thus producing the 
template in the most compact form possible. 
For the comparison of existing templates with new, 
generated templates, the generated records are compared 
character for character with the existing records. Any mi.s-
match is considered to indicate a change in 'the template. 
Templates are never generated using the compressed source 
format mentioned in Section 2.1. The generated templates conform 
to the source margins in effect for the compilation (e.g. for. 
at', SOL mode compilation, templates are created with source in 
position 2 through 72 of the records. When template records 
are written to the OUTPUT6 00 card, t.b.e records are padded 
with blanks or truncated as necessary to conform to the LRECL 
specification for that DO card. 
When a template has been found to have changed, the 
compiler updates a "Version number" associated with the template. 
For an existing template, the version number is found on a 
VERSION compiler directive ca~d at the end of the existing 
template member. If a new template is needed, the version 
number is incremented by one and placed on a new VERSION 
directive card at the end of the generated template. The 
version numbe,r is limited to the range 1 to 255. Upon reaching 
255, the next increml2mtation causes the number to begin again 
at 1. When no exis'ting template can be located, the version 
is set to 1. 
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When templates produced by the compiler are referenced 
in subsequent compilations by use of an INCr.,UDE for the 
template~ the version numbers from the referenced templates 
are emitted into the produced object code on special SYM 
records which indicate the versions of all external references. 
In addition, the emitted object code for any compilation unit 
contains a SYM record indicating the version number of the 
template created for that compilation unit. This information 
permits the checking, if desired, of proper integration of 
separately compiled units by providing information necessary' 
for cross-checking of inter-J;nodule references. 
2.6 Listing Generation 
2.6.1 Primary Formatted Listing 
The central printed output of the compiler is the 
primary source listing. This listing is designed to document 
the actions taken by the compiler during its generation of 
an executable form of the u~>,~r' s program. The listing 
reproduces the user's source program in an in.dented, annotated 
format. Additional information, such as block summaries 
and symbol table listings, are also part of the primary 
source listing. 
The formatting of the primary source listing leads 
to the documentation of the users program in two ways: 1) variable 
annotation, and 2) logical indent,ing. 
1) Variable annotation - Each user-defined data 
symbol, when printed on the primary source 
listing, receivesllmarks ll appropriate to the type 
and organization of the symbol. This annotation 
is that which is defined by the HALlS Language 
Specification. 
2) Logical indenting - Each statement printed on the 
primary source~listing is formatted and indented 
to show internal statement structure, and to show 
the statements' hierarchical and nesting relation-
ships. to other statements in the compilation. 
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When operating in the SOL, additional in~prm~tiofi is 
provided on the primary source listing. The Itecord Sequence 
Number, ~ecord Revi~ion Indicator, and Change Authorization 
fields (see Section 2.1) are printed on the primary source 
listing next to the statements to which they apply. Additional 
details of the specific operations performed during SDL opera-
tion may be found in the HAL/SOL Interface Control Document. 
2.6.2 Error Messagas 
When compilation errors are detected by Phase I, an 
error message is printed in the primary listing at the point 
of detection. All error messages have an identifying code 
associating with them. 
The code is assigned to messages according to a general 
system which groups errors accordifig to a class and a sub-, 
class. Multiple errors within a class/subclass combination 
are assigned unique numbers within uhe group. Thus, every 
possible error in the HAL/S-FC compiler system has a unique 
identifying oode. Appendix C lists the error classification 
scheme. 
The text of all error messages is maintained,J,on a direct 
access dataset. The compiler ret~ieves error message text as 
needed from this da,taset. During compilation, the ERROR DD 
card defines -the error message dataset. This file has partitioned 
organization and contains one member for each error message. 
The member names are identical to the identifying code assigned 
to the errors. 
The record format of the error library is FB and the 
logical record length is 80 bytes. The first reCord of each 
member defines the severity of that error. The severity is 
a single EBCDIC number in position one of the first record. 
The severities and their effects are: 
o = warning (compilation proceeds) 
I = erro.r (further compilation attempted) 
2 = severe error (Phase I syntax check proceeds; code 
generation prevented) 
3 -- abortive error (compilation halts immediately) 
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Within the text of an error message, locations into 
which specific descriptive inf.ormation may be placed are 
denoted by the appearance of i:wo question marks (??). For 
errors which have this teatun~, the compiler supplies additional 
description text (such as the name of an identifier) to make 
the printed error message as specific and informative as 
possible. 
2.6.3 Block Summaries 
The HAL/s-FC compiler provides addit,ional information 
on the primary listing at the close of HALlS code blocks. 
The blocks for which summaries are given are PROGRAM, TASK, 
FUNCTION and UPDATE. 
Information contained in block summaries consists of 
lists of labels or variable names used in various contexts 
within ~he block. The title "BLOCK SUMMARY" begins the 
list.. For all potentially summarized contexts wi1i:.hin 
the block, a descriptive heading is printed followed by the 
list of names involved. A "*" next to any name in the 
block summary indicates that the name appears in a context 
which changes its value. The headings are listed below. 
PROGRAMS ANb TASKS SCHEDULED 
PROGRAMS AND TASKS TERMINATED 
PROGRAMS AND TASKS CANCELLED 
EVENTS SIGNALLED, SET, OR RESET 
EVENT VARIABLES USED 
PROGRAM OR TASK EVENTS USED 
PRIORITIES UPDATED 
EXTERNAL PROCEDURES CALLED 
EXTERNAL FUNCTIONS INVOKED 
OUTER PROCEDURES CALLED 
OUTER FUNCTIONS INVOKED 
ERRORS SENT 
COMPOOL VARIABLES USED 
COMPOOL STRUCTURE TEMPLATES USED 
COMPOOL REPLACE DEFINITIONS USEP 
OUTER VARIABLES USED 
OUTER REPLACE DEFINITIONS USED 
OUTER STRUCTURE TEMPLATES USED 
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2.6.4 compilation Layout Summary 
Imroediately preceeding the Symbol Table printout 
at the CLOSE of the HALls program, there is a compilation 
layout map, indicating the way in which PROGRAMS, TASKS, 
PROCEDURES, FUNCTIONS, and UPDATE blocks were defined. 
The indent level in this printout indicates the nesting 
level definition of the block shown. This serves to give 
a quick loverview of the compilation structure. 
2.6.5 .Symbol & Cross Reference Table Listing 
The symbol and cross reference table printed at the 
end of a HALls compilation listing provides a detailed 
accounting of all programmer-defined symbols. The table 
listing is organized into two parts: a structure template 
listing and an alphabetized total listing. 
Any structure templates defined in the compilation 
appear first in the symbol and cross reference table. The 
template names appear in alphabetical order. The body of 
each template (i.e. the levels defined under the template 
name) is listed under the template name in the order of 
definition. This ordering provides a quick reference to 
the organization of the structure template. 
Following any listing of the templates, an alphabetized 
listing of all programmer-defined symbols is printed. Symbols 
previosu.ly listed as element of a structure template are included 
in this list. However, the list is completely alphabetized and 
template organization is not shown. When a particular symbol 
is independently defined in more than one name scope, the 
symbol is multiply listed in order of definition. 
2.6.6 Built-in Function Cross Reference 
Phase I also produces a listing of any HALlS built~in 
functions used in a compilation. The printout shows the state-
ment numbers at which the references to the built-in functions 
occurred. 
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2.6.7 Replace Macro Text 
If any HALlS REPLACE statements were used in the 
compilation, the text of the macro is printed in the 
symbol table listing in the attributes and cross reference 
area.. 
2.6.8 Unformatted Source Listing 
Under control of the IILISTING2" compiler option, 
Phase I will optionally produce, on the file defined by 
the LISTING2 DD card, a listing of the input (both SYSIN 
and INCLUDE) source records as read by the compiler. No 
special annotation, formatting, or indenting is performed. 
In the case of input in the SDL compressed format, the 
LISTING2 option produces the records in their uncompressed 
format. 
2.7 Symbol Table Generation 
Phase I is responsible for initial creation of the 
compiler's internal symbol table. The symbol table consists 
of a group of arrays which describe all of the properties 
of declared variables and labels. The capacity of the symbol 
table is under user control by means of the SYTSIZE compiler 
option. This table, as created by Phase I, is located in an 
area common to all compiler phases. Thus, Phase II inherits 
the initialized table from Phase I. 
Design of the HALlS-Fe compiler includes, as a basic 
concept, the use of a Phase I and Phase IIPhase II interface 
identical to that of the HAL/S-360 compiler. Thus, the 
description of the internal symbol table to be found in the 
HAL/S-360 Compiler System Specification, Appendix B.2 is 
sufficient to define the HAL/S-FC table. 
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2.8 statement Table Generation 
The statement table passes information about executable 
statements from Phase I of the compiler to Phase III. This 
information allows Phase III to include statement type and 
target variable information in the Simulation Data Files. 
Due to the use of a conunon Phase I in the HAL/S-360 
and HALlS-Fe compiler systems, the statement Table descrip-
tion in the HAL/S-360 Specification document is sufficient 
to describe the HALlS-Fe table. (See Appendix B.3 of 
that document). 
The basic table description includes reference to an 
"extension" field in which statement memory addresses andlor 
SRN data is stored. Use of this field is activated by use of 
certain compiler options: 
SRN data is included in the statement Table if either 
of the SRN or SDL compiler options are used. 
Beginning and ending addresses for individual HALlS 
statements are included in the Statement Table when the ADDRS 
compiler option is used. 
The Statement Table is produced on the file specified 
by the FILE6 DD oard. No statement Table data is conununicated 
via in-memory tables. 
2.9 Literal Table Generation 
The format of the HALlS-Fe literal table is identical 
to that used by the HAL/S-360 compiler as described in 
Appendix B.l of the HAL/s-360 Compiler System Specification. 
The size of the area in which character literal data is 
stored is under user control via the LITSTRINGS compiler 
option. This character literal area is communicated to 
subsequent phases of the compiler through common memory 
locations. 
The portion of the literal table which contains 
arithmetic literals, bit literals, and pointers to 
character literals is passed to later phases via the data-
set defined by the FILE2 DD card. 
2-13 
INTERMETRJCSINCORPORATED' 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
~ , .. ' 
2.10 HALMAT Creation 
HALMAT is the intermediate code medium by which 
the structure of the compiled HALiS program is passed to 
Phase II for code generation. The HAL/S-FC compiler uses 
the same Phase I as the HAL/s-360 compiler. Therefore, 
the HALMAT produced by Phase I for either system is the same. 
A description of HALMAT as used by these compilers can be 
found in Appendix A of the HAL/S-360 Compiler system Specifi-
cation. 
HALMAT is passed to Phase II through use of auxiliary 
storage as defined by the FILEl DD card. 
2.11 The Optimizer 
The HALMAT produced by Phase I is a direct representa-
tion of the HALlS program being compiled. A separate phase 
of the compiler exists between Phases I and II which examines 
and manipulates the HALMAT in order to produce an optimized 
HALMAT representation. This phase, known as Phase 1.5, is 
conceptually a part of Phase I. Its operation is transparent 
to the user as it produces no standard printouts. 
The Optimizer performs the following functions: 
- Common subexpression elimination 
Additional literal folding 
- Replacement of unneeded divisions by multiplications 
- Supression of unnecessary matrix transpose operations 
- Indication of procedures which cannot be leaf 
procedures (as an aid to Phase II). 
These operations are carried out by modifying the 
HALMAT, literal table, and symbol table. 
While the Optimizer is a separate phase, it is 
conceptually a part of Phase I and is described in the HALls -360
 
Compiler System Specification. 
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3.0 PHASE II - CODE GENERATION 
The code generation phase of the HAL/S-FC compiler 
has the primary function of producing machine language 
instructions for the AP-lOl. Phase II also performs other 
tasks which are also the subject of this chapter. 
This section aeals with the following Phase II functions: 
• Code Generation 
I 
.i Naming Conventions 
• Printed Data 
• Symbol Tab1e Augmentation 
• Statement Table Augmentation 
3.1 Code Generation 
3.1.1 Bases and Conventions 
Phase II produces AP-IOI machine language instructions 
which perform the operations indicated by each litle of HALMAT 
received from the syntax and semantic analysis phase. This 
section describes in detail the ground rules which the code 
generation phase follows in producing object code. The 
following terms will be used throughout the ensuing text: 
R A general accumulator (integer or scalar); 
x - An indexing register (for subscripting); 
B - A base register containing a base address 
used to compute the effective address of a 
variable, constant, temporary, or program 
label. 
OFFSET - The constant term which, when subtracted fram 
the actual data address of a variable, yields 
the address of the O'th item of the aggregate 
data collection (note that all HAL subscripts 
start counting from 1). This is 0 when the 
variable is a single item. 
VAR - The address of a declared non-parameter ~mL 
variable. For addressing purposes, it is 
actually the base address of the actual data 
minus the OFFSE'r. Single valued integer, 
i'scalar, or bit input parameters also will use 
this form. 
PAR - The address of a formal parameter passed "by 
reference". This includes any assigned parameters, 
plus any inp'l;lt parameters which are not simple 
integer or SC::l.lar variables. Note that PAR 
actually contai,ns an address. 
3-:1 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
I 
, ' 
__________ .. f . . _' __ >,~"1'r; ~ .: 
REPRODUCIBILITY Of THE 
ORIGINAL PAGl~ It) penn 
DELTA The constant indexing term in a subscript 
calculation. This term may also reflect 
the displacement of a structure terminal 
within a structure template. 
OP - Any AP-10l machine instruction. 
Note - When VAR or PAR appears in machine instruction 
constructions, it represents the displacement difference 
between the data address and the base address contained in 
the base register B. 
3.1.1.1 Register Usage. The following register assignments 
are used by the code generator: 
FO-FS 
F6-F7 
o 
1 
2 
3 
4 
Used f01:' floating point accumulators and 
parameters. 
Used for floating point accumulators 
only. 
stack register. This register points to 
the caller's register save area in the run 
time stack. In addition, all formal 
parameters, temporaries, and AUTOMATIC 
variables in REENTRANT procedures are based 
on this register. 
Global data addressing register. This 
register is used to address all of the 
declared variables and literals within a 
compilation unit. 
Work addressing register. This register is 
used to pass address parameters, dereference 
NAME variables, and set up any other dynamic 
addressing. 
Local addressing register. This register is 
used in SRS instructions only to address a 
certain subset of the local data in a block. 
Linkage register. This register records the 
return address for all subroutine linkages. 
It may also be used for an integer accumulator. 
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5-7 Used for integer accumulators, index 
registers, and parameter passage where 
applicable. 
3.1.1.2 Storage Allocation. The HAL/S-FC compiler arranges 
data in memory such that the least number of base registers 
need be dedicated in addressing. 
Data is grouped into two major categories: single value (constant 
offset=O) and aggregate (array, vector-matrix, structure with 
copies). Within in each group, data is ordered such that data 
requiring the same boundary alignment is adjacent, minimizing 
the storage lost due to hardware alignment requirements. Within 
the. aggregate group, ordering is further carried on such that 
multi-dimensional arrays (with larger offsets) come after single 
dimensional arrays. These above orderings are carried on 
independently for: l} program data, and 2) each COMPOOL block. 
contained in the compilation unit. Note that program data 
includes all variables within the compilation unit including 
those defined in procedures, functions, or any other block. 
Structure templates are internally ordered such that the 
minimum boundary alignment within any node level is required. 
Template matching requirements guarantee that templates 
exhibiting identical properties will be identically reordered. 
After all groupings are complete, storage assignments are made, 
with the required base-displacement combinations being generated 
to properly access the data. Note that the storage addresses 
assigned refer to the actual data beginning, but the base~ 
displacement address includes the negative OFFSET value. 
Note that all formal parameters and . .I.all AUTOMATIC variables 
in a REENTRANT PROCEDURE or FUNCTION are based off the stack 
register (0). 
For arrays, the offset is computed as follows for the number 
of array dimensions: (N. is the ith array dimension). 
1 
# Dim 
o 
1 
2 
3 
Offset 
o 
-1 
(-1 N2)-1 
«(-1 N 2 )-1)N3)-1 
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The array OFFSET is then multiplied by the total width of 
the data type specified. For integers, scalars, bits, and 
characters, this is the width in halfwords to contain one 
item of data. For vector and matrix types, this is the width 
in halfwords for one item times the total number of items in 
the vector or matrix. 
For structures, the OFFSET is 0 if the structure has no copies. 
If the structure has copies,'the offset is -w, where W is the 
aligned width of one copy of the structure template. 
Example: 
DECLARE A SCALAR, 
B INTEGER, 
C CHARACTER (7) , 
D ARRAY(5) DOUBLE~ 
DECLARE E ARRAY ( 5) , 
F ARRAY(3,3) VECTOR, 
G MATRIX~ 
DECLARE H DOUBLE, 
I ARRAy(S,5) INTEGER~ 
Alignment NAME Location Base 
-
Halfword B 00000 1 
Halfword C 00001 1 
Fullword A 00006 .1 
Doubleword H 00008 1 
Halfword I OOOOC 1 
Fullword E 00026 1 
Fullword G 00030 1 
Fullword F 00042 1 
Doubleword D 00078 1 
3-" 
(In Decimal) 
Displacement Offset 
0000 0 
0001 0 
0006 0 
0008 0 
0006 -6 
0024 -2 
002E -2 
0028 -26 
0074 -4 
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3.1.1.3 Addressing conce,ts. This section describes the 
general addressing rules or data. To the extent possible, 
data can be directly addressed via some combination of base 
register and bit displacement (eleven bits for indexed 
addressing). This is not possible whenever the data item is 
a formal parameter other than a simple integer or scalar, 
or any formal parameter scoped in from an outer to an inner 
procedure. The skeletal forms given in Section 3.2.2 assume 
the most commonly used addressing forms. The rules described 
here should be superimposed upon these skeletal forms to 
interpret all possible combinations of operations between 
operands. 
Simple Addressing Forms 
Simple Variable 
OP R, VAR{B) 
Simple Aggregate Component 
(array or vector-matrix) 
OP R, VAR+DELTA(X,B) 
Simple Integer-Scalar formal parameter 
OP R, VAR (O) 
Simple Aggregate formal parameter 
L B, PAR(O) 
OP R, DELTA(X,B) 
NAME Variable in de-reference conte~t 
LH B, VAR(B) 
OP R, DELTA{X,B) 
NAME Variable in de-reference context 
(ASSIGN formal parameter) 
L B, VAR(B) 
LH B, ° (B) 
OP R, DELTA{X,B) 
REMOTE Variable 
OP@# R, ZCON(X,l) 
ZCON DC Z(O, VAR, 0) 
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scoped Formal Parameter Addressing Forms 
For scoped formal parameters, generation of an effective 
address requires a loop to trace references back through 
multiple save areas in the run time stack. In both of the 
scoped formal parameter sequences below, the offset of 0 
in the load instruction at the head of the loop represents 
the fixed location of the next higher level's register copy. 
The loop terminates when the nest level of the parameter in 
question is equal to the nest level of the current save area 
being referenced. 
scoped Integer-Scalar formal parameter: 
LHI 4, <scope number of parameter> 
LR 2, 0 
LOOP L 2, 2(2) 
CH@ 4, 9(2) 
BNE LOOP 
OP R, VAR(2) 
Scoped Aggregate or NAME formal parameter: 
LHI 4, <scope number of parameter> 
LR 2, 0 
LOOP L 2, 2(2) 
CH@ 4, 9 (2) 
BNE LOOP 
LH 2., PAR (2) 
OP R, DELTA(X,2) 
Scoped NAME ASSIGN formal parameter: 
LHI 4, <scope number of parameter> 
LR 2, 0 
LOOP L 2, 2(2) 
CH@ 4, 9 (2) 
BNE LOOP 
LH 2, PAR ( 2) 
LH 2, o (2) 
OP R, DELTA(X,B) 
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Address passage addressing forms 
For parameter passing to PROCEDURES, FUNCTIONS, arid library 
routines, it is often necessary to pass address pointers 
instead of data. The following sequences could be used 
anywhere the instruction LA appears in the generated code 
sequence (including NAME assignments). 
Unsubscripted variable: 
LA R, VAR (l~) 
Subscripted variable: 
SLL X, <index alignment> 
LA R, VAR(X,B) 
Unsubscripted REMOTE variable: 
L R, ZCON(l)* 
Subscripted REMOTE variable: 
SLL 
L 
X, <index alignment> or SLL R, <index alignment> 
R, ZCON(l)* A R, ZCON(l)* 
AR R, X 
Unsubscripted variable to REMOTE library: 
LA R, VAR(B) 
IAL R, X'0400' 
Subscripted variable to REMOTE library: 
SLL X, <index alignment> 
LA R, VAR(X,B) 
IAL R, X'0400' 
* ZCON DC Z(O, VAR, 0). 
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Indexing: 
The computation for all indexing is done as follows. All 
constant index terms are factored out from the variable terms. 
The variable terms are computed acc:ording to the natural 
sequence of unwinding aggregate data. The constant terms 
are similarly computed to form a DELTA. The variable subscript 
in register X is shifted according to the halfword width of the 
data being indexed, except for those instructions \'lhich -perform 
automatic index alignment. The DELTA is similarly shifted at 
compile time. If 0 < DELTA < 2048,. it is used in the variable 
displacement. Otherwise, it is added to X if X is non-zero, 
or loaded into a newly created X if X is zero (Le. the sub-
sc.ript contains no variable terms). 
3.1.1.4 Condition Codes. The following table lists the 
allowable relational operations and the resultant condition 
code - referred to as COND throughout the remainder of this 
section. Note that the AP-lOl conditional branch instructions 
branch on the "not true" condition. 
<OP> COND 
= 3 
..,= 4 
< 5 
> 6 
.... < or > = 2 
.., > or < = 1 
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3.1.1.5 ZCONS and the Calling Mechanisms. Throughout the 
descriptions of generated code of Section 3.1.2, branches 
to other CSECTs (comsub or library) are generally indicated 
as: 
ACALL <routine name> 
The actual implementation of this linkage is to go 
not directly to the named routine, but instead to branch 
indirectly through a long address constant (ZCON) located 
in sector ° of the machine. 
When the target of the branch is a compiler-generated 
CSECT (a COMBUB), the ZCON referenced will be one created 
during compilation of the COMSUB. The long indirect address 
will be in a CSECT named #Znnnnnn (see Section 3.2) which will 
in turn refer to the real code CSECT • 
When the target of the branch is a library routine,the 
ZCON referenced will be one provided with the library. Its 
name will be #Qnnnnnn and it will in turn refer to the proper 
library code CSECT. Certain library routines, for reasons of 
executi.on speed, are referenced directly by compiler-emitted 
code without going through a ZCON. These routines are designated 
in. the BANKO column of the library documentation. This direct 
addressing requires that these routines reside either in sector 
zero or in the same sector as the compiler code which references 
them. 
The use of ACALL in the descriptions implies an external 
call. In actuality, the instruction generated may be either: 
SCAL 0, <routine name> 
or 
BAL 4, <routine name> 
depending on whether the library routine has been designated 
as PROCEDURE or INTRINSIC type. 
Some of the parameter setups show the use of PI, P2, 
and P3for parameter registers. The following table shows 
the actual register values for PI, P2, and P3 depending upon 
the nature of the library routine (see library documentation 
for specific details). 
PI P2 P3 
Intrinsics 1 2 3 
Procedure -
PI used 2 4 7 
PI not used X 2 4 
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3.1.1.6 The Runtime Stack. The HAL/S-FCcompi1er system 
employs a runtime stack mechanism as an integral part of 
its operation. The stack mechanism is used to provide 
subroutine linkage areas, temporary work areas, error environ-
ments, and to provide reentrancy of code blocks when needed. 
The actual memory used as a stack space for a given HALlS 
process is provided by the flight computer operating system 
(FCaS) . The determination of the size required for a 
particular stack is made by the flight computer support software 
linkage editor. The linkage editor determines stack size 
(and upon special request will create a stack CSECT) from 
information provided on SYM cards in the modules being 
link edited. The HAL/S-FC compiler emits the SYM cards as 
part of its object modules. The runtime library uses a 
system of macros to generate the properly named DSECT' s 
and SYM entries for stack size computation. 
The details of formats and requirements relating to 
stack generation can be found in the HAL/SDL Interface 
Control Document. That document also contains the detailed 
description of the "stack frame", that portion of a total 
stack which is used by an individual subroutine when that 
subroutine has been invoked. The description of the basic 
stack frame is x:eproduced here for reference. 
The active stack frame is pointed to by the pointer 
in register RO. The back link to the previous stack frame 
is established when a new level is entered. A pointer, NEW R3, 
is established for any block with a local data area. If a 
local data area is not present, e.g. in the case of a HAL/S-
FC library routine, NEW R3 is set to zero. See Section 3.1.1.7 
for a definition of the local data area. 
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STACK LAYOUT 
lower address 
~ -
-
- -
-. 
."pushed" 
stack frames 
RO: 
str : PSW (left half) I old stacf ptr 
addre:s ~iZet I 4 I new, lU* 
RO 
Rl 
I 
6 I R2 
new R3* 
8 : (local data 
ptrl_ R3 
10 I inimum size: I 
8 halfwords Ar~ #1 ~ 12 Fixed 
R4 
RS . 
I 
14 Fixed Arp #2 R6 
16 Fixed Arb #3 I R7 
18 lfloating Arg #1, etc. 
ERROR Vector 
"-" 
-~ User Data --
... 
Temporaries 
available for 
called routines 
----~ two halfwords wide 
higher address 
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3.1.1.7 Local Block Data Areas. During execution of a 
HAL/S-FC program; certain machine registers have dedicated 
uses as described in Section 3.1.1.1. In particular, 
register R3 is a local addressing register which points 
to the local Block Data Area for the block in execution. 
These R3 values are saved on the runtime stack as indicated 
in Section 3.1.1.6. The format of a local Block Data Area 
is the subject of this section. The HAL/SDL ICD contains 
the controlling definitions of these areas. 
Block Data Areas are created by the compiler and are 
part of the #Dnnnnnn CSECT generated for a compilation unit. 
A Block Data Area may exist for any Program,. Procedure, 
Function, Update Block, or Task. The compiler-emitted code 
for block entry (as defined in Section 3.1.9) loads R3 
with the address of the Block Data Area for the block 
being entered. The format of such an area is shown in 
the following diagram. 
Fields 
BL 1 
2 
3 
4 
5 
Field 
, 
1. Block ID 
Block ID 2 
XU ONERRS ERRDISP 2 
T 
Y UNUSED RESERVE SVC # 2 
P 
UNUSED RELEASE SVC # 2 
2 
only required if 
XU = 1 
LOCK ID 
Definition 
A 16 bit field uniquely identifying the 
HAL block. The first 9 bits are a 
"compilation number" supplied by the user 
via the COMPUNIT compiler option. The last 
7 bits are a block count generated internally 
for each new block within a compilation unit. 
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Field 
2.· XU 
ONERRS 
ERRDISP 
3. TYP 
Reserve SVC# 
4 • Release SVC# 
5. Lock ID 
Definition 
EXCLUSIVE/UPDATE flag. (I bit). Set to 
one if block is either an UPDATE block 
or has the EXCLUSIVE attribute. 
(6 bits). The number of discrete errors 
for which an ON ERROR statement exists in 
the block. 
(9 bits). The displacement in half words 
from the stack frame pointer register (RO) 
to the error vector 
(I bit). Set to zero for EXCLUSIVE 
procedure or function. If an UPDATE 
block, set to one if shared data 
variables are read only. Set to zero 
if shared data variables are to be 
written. 
(8 bits). SVC number for .the reserve 
15 for a code block 
16 for a data area. 
SVC: 
-"----------. (8 bits). SVC number for release SVC; 
17 for a code block 
18 for a data area. 
(15 bits). An indicator of which code 
block or data areas are being used. For 
a code block this is the address of the 
EXCLUSIVE DATA CSECT of the procedure/ 
function. For a data area this is a bit 
pattern indicating which data areas (by 
lock groups) are involved. If the "master 
lock" was specified, the bit pattern will 
be all ones. 
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3.1.1.8 Parameter Passing Conventions for User-written Routines
. 
To the extent possible, HALlS parameters are passed via 
registers. Scalar parameters are passed in floating point 
registers. All others are passed in general registers. The 
following rules describe how the registe~s are designated, 
and what they contain for each type of parameter. 
General purpose registers 5-7 and floating point registers 
0, 2, 4 are available for parameter passing. If the supply 
of registers is exhausted before the parameter list, the 
balance of the parameters are passed in memory locations. All 
parameters are located via the stack register (0). 
Allocation of general and floating registers is carried 
on in parallel. If no scalar parameters exist, no floating 
point registers will contain parameters. 
General purpose registers 5 through 7 are automa-t;:ical1y 
contained in the stack beginning at displacement 1210. Floating 
point registers are not automatically saved, and it is the 
responsibility of the called program to do so. Storage 
locations are reserved in the stack for this purpose as described
 
below. Parameters which cannot be passed in registers are 
automatically stored in the called procedure's stack by the 
caller. The allocation of these stack locations is identical 
to the allocation for floating point values. Note that, 
unlike ordinary HALlS variable allocation, parameter allocation 
is not subject to reordering to minimize alignment conflicts. 
The first available stack location is at 1810 off the stack 
register. All parameters are assigned storage in order starting 
at this point (the exception being parameters contained in 
general registers 5 through 7, which are allocated space in 
the register save area as desoribed above). Any necessary 
alignment is performed as needed. 
Arguments are either input type or ASSIGN type. (Input 
types are those whose values will not be changed by the called 
routine.) The actual information which is passed for a 
particular argument is dependent upon the following factors: 
• whether the argument is input or ASSIGN; 
• whether the HALls data type of the argument is an 
aggregate (i.e. more than one element, as in a matrix); 
• whether the argument has any arrayness or structure 
copies to be passed; and 
• whether any arrayness or structure copies are defined 
via an ARRAY(*) or -STRUCTURE(*) specification. 
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The following table and list show the information which 
is passed for an argument with particular attributes. 
~ata Type 
ArgUment".~ 
Type 
Input (no 
arrayness 
or copies) 
ASSIGN (no 
arrayness 
or copies) 
Input or 
Assign 
(with 
arrayness 
or copies) 
Key 
1 
2 
3 
4 
5 
6 
Integer Scalar 
1 2 
8 8 
9* 9* 
Bit 
3 
8 
9* 
Character(*) Vector Matrix Structure 
4 5 6 7 
4 5 6 7 
10* 9* 9* 11* 
Information Passed 
A halfword or fullword of data. 
A single or double precision floating 
point value. 
Up to 32 bits of data (halfword or 
fullword depending upon declared 
size) . 
Address of the max-size byte of the 
character string. 
Address of the oth item in the VECTOR 
(i.e. 1 item width ahead of the actual 
vector) • 
Address of the oth item as if the 
MATRIX were a VECTOR of length m x n. 
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8 
9 
10 
11 
* 
Information Passed 
Address of the first location in 
the structure as defined by its 
template. (Note that item position 
within a template is subject to 
compiler reordering unless RIGID 
is used). 
Address of the data item. 
Address of the oth item of the 
array. 
Two items are passed. The first 
is the address of the oth array 
item. The second is the number of 
halfwords of memory occupied by 
one character string element 
(including the halfword containing 
the max and current size bytes). 
The address of the first data in 
the oth copy. 
If the parameter is declared as ARRAY(*) or 
-STRUCTURE(*), an additional parameter word 
is passed containing the value of the unspecified 
dimension. 
For all cases where auxiliary values are allocated for 
a single parameter (i.e. CHARACTER(*) ARRAY or ARRAY(*», the 
parameters (up to 3) must be contiguous. Thus, if more 
pointers are required than registers are available, then 
'the ~Jhole parame.ter sequence will be pushed into the stack. 
Example: 
P: PROCEDURE (X, Y, I, J, K, Z, c, L); 
DECLARE SCALAR, X, Y, Z DOUBLE; 
DECLARE INTEGER, I, J ARRAY(*), K, L; 
DECLARE CHARACTER(*) ARRAY(*), C; 
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Upon entry to this procedure, the stack and registers 
are as follows: 
I~ 1 word ) I 
i 
Rl+l2l0 I 
I unused I also in RS 
I 
+14 address of oth 
array element of J also in R6 
+16 
. f I s~ze 0 I 
unused array J . also in R7 
, 
+18 X also in FO 
+20 Y also in F2 
I 
+22 K I unused 
I 
+24 1st word of Z 
also in F4, FS 
+26 2nd word of Z 
+28 address of 
oth 
array element of C 
+30 # HW occupied by 
one element of C 
+32 Size of array C 
I 
+34 L I 
I 
unused 
I 
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3.1.2 Integer and Scalar Operations 
Nomenclature 
The register R is any of the available set of 
accumulators. The terms I, 12, S,and S2 refer to the single 
and double precision versions of Integer and Scalar values 
respectively. It is assumed that any implicit precision or 
type conversions have been accomplished prior to generating 
the code sequences shown below. 
3.1. 2.1 Arithmetic Operators,. Integer and scalar arithmetic 
operators generally employ two operands, denoted as X and Y. 
X is assumed to be loaded into register Rx unless otherwise 
noted. If Y is also in a register, it is represented by the 
form Ry • 
operation Type Code Alternate Code 
X + Y: I AH R 
x' 
Y AHI R 
x' 
y* 
I2 A RX ' Y AR RX ' R Y 
S AE R 
x' 
Y AER R , R 
x Y 
S2 AED R , Y AEDR R , R x x Y 
X - Y: Similar to X + Y except that the subtract 
operator is used. (For example, SH in 
place of AH in the above list.) 
(Multiply) 
X Y: I 
S 
MH 
SLL 
M 
SRDA 
ME 
MED 
R , Y 
x 
R , 15 
x 
R , Y 
x 
Rx +l ' 
R , Y 
x 
Rx ' Y 
1 
MIH 
MR 
MER 
R , y* 
x 
R , R 
x Y 
MEDR R, R 
x Y 
Note that the shift operations used in the integer multi-
plications are required to correctly normalize the result in the 
proper registers. 
Certain constant multipliers are optimized to avoid 
using actual multiply instructions. They are described below. 
* Used if Y is a literal. 
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Operation 
X/Y: 
X**Y: 
~ Code Alternate Code 
I 2n 5LL RI , n , n>l 
AR RI , RI , n=l 
12 2
n 5LL RI , n , n>l 
AR RI , RI , n=l 
X 1 no code for any type 
5 2 AER Rs' R s 
52 2 AEDR Rs' Rs 
S 5ER R +1, R +1 5ER R +1, R +1 
x x x x 
DE Rx' Y DER Rx' R Y 
52 DED Rx' Y DEDR Rx' R Y 
The e~ponentiation is performed by subroutine. The 
patterns shown for I and 5 are identical to those 
which will be generated for 12 and 52' except for 
the obvious differences. 
1**1 LH 5, X 
ACALL HTOE* 
LH 6, Y 
5**1 LH 6, Y (see note) Argument 5etup 
LE 0, X 
8**8 LE 2, Y 
LE 0, X 
ACALL CiPWRI3 } Actual Call 
where Ci and f3 represent the types of operands X and Y 
respectively: 
Type of X Ci Type of Y 
single precision integer} single precision integer 
double precision integer E double precision integer 
single precision scalar single precision scalar 
double precision scalar D double precision scalar 
single precision integer H* 
double precision integer 1* 
Return is in FO for Ci of E or D; in R5 for Ci of H or I. 
* If Y operand is a positive integer literal, the HTOE conver-
sion is eliminated and the PWR routine invoked is CiPWRH or 
CiPWRI. 
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Operation Alternate Code 
X**l: 
Note: Scalar expressions raised to integer literal 
powers from 1 to 16 are performed in-line via 
repeated multiplication, using the binary 
powers algorithm. The following examples should 
serve to illustrate the method. 
No code genezoated. 
S MER Rx' R x 
S. LER RT, Rx 
MER Rx' R x 
MER RT, R x 
(result in RT) 
MER Rx' R }I. S 
LER RT, R x 
MER R x' R x 
MER RT, T x 
(result in RT) 
For type 52' the: instruction MEDR is used in pl a:::e of MER. 
Two LER's must be used in place of one. 
Operation Type Code 
+X No code generated. 
I,I 2 LACR R x' R x 
5 LECR R 
x' 
R 
x 
52 LED R x' X 
LECR Rx' Rx 
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3.1. 2.2 Comparison o~erators. The full complement of 
relational operators .l.S allowed for Integer or Scalar 
operations between single quantities. Only equal or not 
equal operators are allowed for arrayed comparisons. No 
logical variables are created by comparisons. Instead, 
branching to one of two points is used for true/false 
relations. 
Operation ~ 
I 
Code Alternate 
x < OP> Y: CH Rx ' Y 
BC CONO, not-true-label 
C Rx' Y CR R , x 
BC CONO, not-true-label 
CE R , R CER Rx' x Y S 
BC CONO, not-true-label 
Code 
R 
Y 
Ry 
CEO R , Y CEOR Rx ' Ry x 
BC CONO, not-true-label 
Note: For comparisons to the literal 0, the condition code 
is used directly. If the condition code is not valid,the 
instruction LR or LER is used to set it. 
3.1.2.3 Conversions. Where necessary, conversions are 
performed in intrinsic or library functions. Some conversions 
do not require any generation of code. 
Integer Conversions 
Operation ~ Code Alternate Code 
* I,1 2 TO S'S2 I 
12 
LH 5, X I argument setup L 5, X 
ACALL uTOS } actual call 
TYPE OF INTEGER ~ 'TYPE OF SCALAR S 
Single Precision H Single Precision E 
Double Precision I Double Precision 0 
* I TO S does not call library routine: instead code genera·ted is: 
I CVFX Fx , Rx. 3-21 
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Operation ~ 
1,1 2 TO BIT 
I TO CHAR I 
12 
I TO 12 I 
12 TO I 12 
Scalar, Conversions 
Operation 
S'S2 TO 1,12 
8,82 TO BIT 
8 TO CHAR 
~ 
S 
S2 
TYPE OF 
Single 
Double 
s 
Code Alternate Code 
No code necessary 
LH 5, X 
LA 2, temp-string-area* 
ACALL HTOC 
L 5, X 
LA 2, temp-string-area* 
ACALL ITOC 
SRA Rx' 16 
SLL Rx ' 16 
Code Alternate Code 
LE 0, X LER 0, R } argument x 
LED 0, X LEDR 0, R 
setup 
x 
ACALL aTOS } call 
SCALAR ct TYPE OF INTEGER 13 
Precision E Single Precision H 
Precision D Double Precision I 
Same as for scalar to integer 
LE 0, X 
LA 2, ternp-string-area* 
ACALL ETOC 
* temp-string-area contains converted string. 
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Operation 
8 
Code Alternate Code 
LED 0, X 
LA 2, temp-string-area* 
ACALL DTOC 
3.1.2.4 Assignments. For all assignments, type conv~rsion 
may take place across the assignment operator. For multiple 
assignments, the left hand side operands are grouped by 
data type to minimize the number of conversions performed. 
The order in which the groups are proGessed is determined by 
the following table: 
Right Hand Operand Type 
Left Hand 
Type Ordering I 12 8 8 2 
First I 12 8 8 2 
12 Char Char Char 
Cha:r S2 8 2 8 
S2 S 12 12 
S I I I 
Last Vector-Matrix 
Character is always performed before any right hand side conver-
sion is performed. 
The following sequences assume that Rx has already had the 
required integer or scalar conversions performed as described 
in Sectio~ 3.1.2.3. 
* temp-string-area contains the resultant string. 
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REPRODUCIBILITY OF THT: 
°12eration Tn:!e of Y Code ORIGINAL PAGB It; ,L.1(:;)I; 
Y = X~ 1* STH R , Y x 
12 ST Rx' Y 
S STE R , Y x 
S2 STED Rx' Y 
Rx is also marked as now containing the valueY. Subsequent 
usages of Y may use this register in lieu of the copy of Y 
in memory ur-til such time as the contents of this register 
are destroyed or a label is generated. 
* If X is an integer literal of value 0 or -1, then the following 
code will be generated: 
Y = O~ I ZH Y 
Y = -l~ I SHW Y 
3.1.3 Bit String Operations 
3.1.3.1 Bit String 012erators. Bit string operators include 
the following: AND (&), OR <I), and CAT (I I). They generally 
employ two oper.ands, denoted here as X and Y (of lengths Nx and 
Ny respectively). X is assumed to be loaded into register Rx 
unless otherwise noted. If Y is also in a register, it is 
represented as Ry • Note that the & and I operations will pad 
the bit length o~ the shorter bit string to the length of the 
longer bit string. 
Operation 
X & Y 
x I Y 
x II Y 
Bi,t Len9;th 
Nx ' Ny < 16 
Nx ' Ny > 16 
Nx ' Ny < 16 
Nx ' Ny > 16 
N < 16 
Y -
NR 
N 
OR 
o 
SLL 
OR 
SLL 
o 
Code 
RX' Ry 
Rx' Y 
Rx' Ny 
Rx' Ry 
Rx' Ny 
Rx' Y 
* used only when Y is a BIT literal. 
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R , R 
x Y 
R , R 
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3.1.3.2 Bit String Comparisons. The only possible 
relational operators for bit strings, as with bit operators, 
are = or ~= (see Section 3.3.1.4). The bit strings are 
padded to be of equal lengths. No logical variables 
are created by comparisons. Instead, branching to the 
"not-true-label" occurs with t;he "not true" condition • 
Operation Bit Len9:th Code Alternate Code 
X <OF> Y Nx ' N < 16 CH Rx' Y CHI Rx' 'Y' * Y -
BC COND, not-true-label 
Nx ' N > 16 C R , Y CR Rx' R y x 
BC COND, not-true-label 
3.1.3.3 Component Subscripting. Component subscripting 
for bit strings consists of shifting and &'ing out unwanted 
components of the subscripted bit string. The resultant 
bit string length, Nr , determines a binary mask, whose 
decimal value is 2Nr-l, and bit number "I" of the original 
bit string is the last component of the resultant bit 
string. 
Y 
Operation Bit Length Code 
Xsubscript 
xvariable subscript 
N 
x 
SRL 
N 
LACR 
R , 
x 
Rx' 
RI , 
Examples of Subscript Forms: AHI RI , 
SRL R , 
x 
Subscript I N 
r 
N R , 
x 
3 TO 10 10 8 
6 AT 11 16 6 
9 9 1 
8 AT J J + 7 8 
K K 1 
, 
N -I 
x 
mask** 
RI 
N 
x 
o (RI ) 
mask** 
3.1.3.4 Bit Conversions. When necessary, conversions are 
performed in intrinsic or library functions. Some conversions 
do not require any generation of code. 
* Used only when Y is a Bit literal. 
** The mask value is equal to 2Nr - 1. 
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Operation Bit Length ~ode Alternate Code 
-..;--
BIT TO I No code necessary 
l BIT TO I2 LH R x, X 
~ SRA R , 16 SRA Rx' 16 x 
BIT TO S'&2 N < 16 LH x 5, 
X LR 5, Rx 
ACALL HTOE 
N
x 
> 16 L 5, X LR 5, R x 
ACALL ITOE 
BIT TO CHAR N
x 
< 16 LH 5, X 
SRL 5, 16 
} set up of b:Lt-type 
N > 16 L 5, X argument 
x 
LA 2, temp-string-area* 
LHI 6 f Nx 
1 actual calling 
sequence 
ACALL BTOC 
BIT TO CHAR@<radix> Same as BIT TO CHAR except call 
to 
BTOC is replaced as follows: 
<radix> routine 
BIN BTOC 
OCT OTOC 
DEC KTOC 
HEX XTOC 
* Temp-string-area contains converted string. 
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Operation Bit Length Code Alternate Code 
BIT TO BIT } NHI 
N RX' mask* 
3.1.3.5 Bit Assignments. The following sequences assume that 
Rx has already had the required conversions performed as 
described in Sections 3.1.3.3 or 3.1.3.4. 
Operation Length of Bit String Y 
• 
Code 
y = X < 16 STH 
. ST Rx' Y** 
If the right 
as described 
generated: 
hand side of the assignment (X) is a BIT literal 
below, and Ny < 16, then the following code is 
Y = BIN' 0' ; 
Y = BIN(16) '1'; 
N < 16 
Y 
= 16 
ZH Y 
SHW Y 
3.1.3.6 Partitioned Bit Assianments. The following sequences 
assume that Rv has already ha the required conversions 
performed as aescribed in Section 3.1.3.3 or 3.1.3.4. Defini-
tions of I, Ny, and Nr are as described in Section 3.1.3.3. 
operation Length of Bit String Y 
N < 16 Y =X· 
subscript ' y -
* 
** 
N 
The value of the mask is 2 y-l. 
Noi::e: If Nx > N and Ny is not exactly 16 the following inttruction must be added: 
. N 
N R F'2- r -l l 
x' 
LH 
LH 
SLL 
XR 
NHI 
XR 
8TH 
or 32, 
Code 
R y' Y 
Rx' N -I Y 
Rx" R Y 
Rx' mask*** 
Rx' Ry 
Rx' y 
then 
*** Mask: The mask used in a bit store is computed as follows: 
(2Nr_l) (2Nx .... I ) 
In other words, the mask is a sequence of Nr bits shifted 
left Nx-I bits. 
3 L '2.7 
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operation Length of Bit String Y Code 
Y =X' 17 < N < 32 L R y' Y subscript ' - Y -
L R 
x' 
X 
(Con' t.) SLL Ry ' N -I Y 
XR Ry ' R x 
N Ry ' mask* 
XR Ry ' R x 
ST R y' Y 
If the right hand side of the assignment (X) is a bit literal 
containing either BIN'O' or BIN(N )'1' then if N < 16 and Y is 
addressable in SRS format, then the following coae-is generated: 
Yll = BIN' 0' ; Ny 
= 16 ZB Y, B'lllOOO' 
TO 13 
YIO = BIN' 111' ; Ny 
= 16 SB Y, B'lllOOOO' 
TO 12 
If Ny > 16 then the following code is generated: 
Y13 TO 20 = BIN'O'; 
Y = BIN'lll',' 17 TO 20 
3.1.3.7 Bit Tests. 
IF X 
IF XIO 
IF -.X 
N 
Y 
N
x 
N 
x 
= 32 
= 32 
= 1 
= 16 
Same as IF X 
instruction. 
or 
except 
L R 
x' 
=X'FFFOOFFF' 
NST R 
x' 
Y 
L R 
x' 
=X'00007000' 
OST R 
x' 
Y 
TH X 
BZ <not true label> 
TB X, B'lOOOOOO' 
BZ <not true label> 
LH R 
x' 
X 
SRL R, 6 
NHI R, B'l' 
BZ <not true label> 
BZ changed to BNZ 
N N -I 
* The mask value is computed as: (2 r-l) (2 x ). 
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3.1.4 Character String Operations 
3.1.4.1 Character String Operators. The only character string 
operator is the CAT <I I> operating employing two character string 
operands denoted here as X and Y (of lengths Nx and Ny respec-
tively). Unless otherwise noted, X is assumed to be loaded into 
registers Rx. If Y is also in a register, it is represented 
as Ry • 
Operation Code 
X II Y LA P3, Y 
LA P2, X 
LA Pl, temp-string-area 
ACALL CATV 
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3.1.4.2 Character String Comparisons. The full set of re-
lational operators are allowed for character strings (see 
Section 3.1.1.4 for condition codes). Characters with 
different lengths are always unequal. No logical variables 
are created by comparisons. Instead, branching to the tlnot-
true-label tl occurs with the tlnot true
tl condition. 
Operation Code 
, 
X <OP> Y LA P3, Y 
<OP) CI. LA P2, X 
=, 
""= 
<,> C <=, 
>= BC COND, not-t
rue-label 
ACALL CPRCI. 
3.1.4.3 Component SubscriEting. Component subscripting for 
character strings consists of setting the initial, Nit and 
final, Nf, index values of the subscripted components into 
registers 5 and 6 respectively, and then branching to the CASP 
intrinsic. 
°Eeration Code 
subscripting LA P2, X 
Y = X subscript; LA 
PI, Y 
LH 5, N. ~ 
LH 6, Nf 
ACALL CASP 
Alternate Code 
LR 6, 5 { if only 1 component 
3.1.4.4 Character String Conversions. Where necessary, con-
versions are performed in intrinsic or library functions. 
Operation 
CHAR TO I 
CHAR TO 12 
Code 
LA 2, char 
ACALL CTOH 
LA 2, char 
ACALL CT01 
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Operation 
CHAR TO S 
CHAR TO S2 
CHAR TO BIT 
CHAR TO BIT@<radix> 
Code 
LA 2, char 
ACALL CTOE 
LA 2, char 
ACALL CTOD 
LA 2, char 
ACALL CTOB 
Same as CHAR TO BIT except call to 
BTOC is replaced as follows: 
<radix> 
BIN 
OCT 
DEC 
HEX 
routine 
CTOB 
CTOO 
CTOK 
CTOX 
3.1.4.5 Character String Ass~nments. Either the receiver 
variable or the- assignea vari le in a character string 
assignment may be subscripted. The possible forms are shown 
below. When subscripting is used, a partitioning of a character 
string results. The initial element of this partitioned 
character string is signified by its index; Ni. Similarly 
the final element has the index Nf. Some examples of HALlS 
subscript forms and the resulting Ni and Nf values are: 
Y 
Subscript Form 
1 TO 3 
5 AT 2 
N. 
1 
2 
J. 
Operation Code 
y =X LA P2, X 
LA Pl, Y 
ACALL CAS* 
subscript=~ LA P2, X 
LA Pl, Y 
LHI 5, Niy 
LHI 6, Nfy 
ACALL CPAS* 
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Operation 
y=x . subscr~pt 
Y b . t=X b . t su scr~p su scr1p 
Code 
LA l?2, X 
LA Pl, Y 
LHI 5, Nix 
LHI 6, Nfx 
ACALL CASP* 
LA P2, X 
LA Pl, Y 
LHI 5, Nix 
LHI 6, Nfx 
L 7, H'Niy ' 
ACALL CASP 
Nfy 
, 
REPRODUCffiILITY OF l,;l;} 
ORIGINAL PAGE IS JJ,; 
* For REMOTE data, CASR is called instead of CAS, CASRP for 
CASP, etc. 
3.1.5 Vector Matrix Operations 
3.1.5.1 Vector-Matrix Operators. Vector Matrix operators 
usually operate on two arguments according to the conventions 
stated in Section 5.2. Since 3-vectors, and 3x3-matrices 
have special library routines, their code is listed in the 
column labeled 13-code", while the code for any other vectors 
or matrices is listed in the "n-code" column. 
Operation 
Vl + V2 single LA 
LA 
n-code 
P3, V2 
P2, Vl 
3-code 
LA P3, V2 
LA P2, Vl 
LA Pl, temp~area LA Pl, temp-area 
LHI 5, n ACALL VV2S3 
ACALL VV2SN 
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Operation ~ n-code 3-code 
VI + V2 double LA P3, V2 LA P3, V2 
LA P2, VI LA P2, VI 
LA PI,temp-area LA PI, temp-area 
LHI 5, n ACALL VV2D3 
ACALL VV2DN 
VI - V2 Same as VI + V2 except that the routines branched 
to are VV3SN (VV3DN for double precision) and 
VV3S3 (VV3D3 for double precision) for size n 
and size 3 vectors respectively. 
-VI single 
-VI double 
VI ~ V2 single 
VI: length n 
V2: length m 
result is nxm 
matrix 
VI ~ V2 double 
VI * V2 single 
VI * V2 double 
LA P2, VI LA P2, VI 
LA Pi, temp-area LA PI, temp-area 
LHI 5, n ACA,LL VV7S3 
ACALL W7SN 
Same as -VI single, except that 
routines VV7DN and VV7D3 are called 
for size n and size 3 respectiv'cly. 
LA P3, V2 LA P3, V2 
LA P2, VI LA P2, VI 
LA Pl,temp-area LA PI, temp-:o:area 
I.HI 5, n ACALL V06S3 
LHI 6, m* 
ACALL V06SN 
Same as for single prec1s1on l except 
that the routines branched to are V06DN 
and V06D3 for n-vectors and 3-vectors 
respectively. 
(illegal operation) LA P3, V2 
LA P2, VI 
LA PI, temp-area 
ACALL VX6S3 
Same as for single precision, except that 
VX6D3 is branched to, rather than VX6S3. 
* If both VI and V2 are the same size, then this instruction 
will be: LR 6, 5. 
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Operation 
Vl • V2 
Vl • V2 
Ml + M2 } 
Ml - M2 
Vl M2 
Vl: length 
M2: nxm 
n 
single 
double 
n"~-"-~-,"""-~~-' ___ '''''1''''''I<'',,,,_,,~-
----... ~ 
n-code 3-code 
LA P3, V2 LA P3, V2 
J .. A P2, Vl LA P2, Vl 
LHI 5, n ACALL VV6S3* 
ACALL VV6SN* 
Same as for single precision, except 
that the routines branched to are 
VV6DN and VV6D3 for n-vectors and 
3-vectors respectively. 
Same code as that for adding or subtracting two 
vectors of length equal to the product of the 
row size and the column size of Ml and M2. 
single LA P3, M2 LA P3, M2 
LA P2, Vl LA P2, Vl 
LA Pl, temp-area LA Pl, temp-area 
LHI 5, n ACALL VM6S3 
LHI 6, m** 
ACALL VM6SN 
* The scalar result of the dot product is left in register FO. 
** If M2 is of size nxn, then this instruction is: LR 6, 5. 
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Operation 
VI J6 MI 
MI J6 VI 
MI: n x m 
VI: length 
VI )5 1*, 
VI )S 12*, 
VI j6 c .... 
VI )S S2 
VI/I,Vl/I2 
Vl/S ,VI/S2 
m 
~ 
double 
n-code 3-code 
Same as for single precision, except 
that the routines branched to are 
VM6DN and VM6D3 for the general case 
and the size 3 case respectively. 
Same as for VI )S MI except that the routines 
branched to are MV6SN (MV6DN for double precision) 
and MV6S3 (MV6D3 for double precision) for the 
general case and the size 3 case respectively. 
single LE 0, S LE 0, 8 
LA P2, VI LA P2, VI 
LA PI, temp-area LA PI, temp-area 
LHI 5, n ACALL VV4S3 
ACALL VV4SN 
double LED 0, S2 LED 0, 82 
LA P2, VI LA P2, VI 
.LA PI, temp-area LA PI, temp-area 
LHI 5, n ACALL VVllD3 
ACALL VV4DN 
Same as for VI J6 I, etc., except that the routines 
branched to are VV5SN (VVSDN for double precision) 
and VV5S3 (VV5D3 for double precision) for n-vectors 
and 3-vectors respectively. 
I )S VI,I2 }6 VI, 
S )S VI, S2 )S VI 
Exactly the same as for VI }6 I, etc. 
MI )5 I,Ml }6 12, 
Ml )S S,MI }6 S2 
Same as for VI )S I, etc., except that 
the length value specified in R5 is the 
product of the row size and the column 
size of Ml. 
* Note that in the case of single and double precision integers, 
they are first converted to scalar form whose value is in FO. 
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2E,eration 
Ml/I,Ml/12, 
Ml/S,Ml/S2 
I ]6 Ml, 12 )6 Ml, 
S )6 Ml, S2 )6 Ml 
**" Ml' ~ single 
(where ~ ~s either 
a literal or a 
constant integer) 
**i Ml 
**0 Ml 
**0 Ml 
Ml**T 
Ml: m x n 
double 
single 
double 
single 
n-code 
REPRODUCIBILITY Ori'1'HE 
OrHG1NAL PAGE 18 I, 
3-code 
Same as for Vl/1 1 etc., except that 
the length value specified in R5 is 
the product of the row size and the 
column size of Ml. 
Exactly the same as for Vl ~ I, etc., 
except that the length specified in 
R5 is equal to the product of the row 
size and the column size ofMl. . 
LH1 6, i Same as for "n-
code where n = 
I..A P3, temp-storage-area 
LA P2, r-n 
LA Pl, temp-storage-area 
LH1 5, n 
ACALJ .. Mt1l7SN 
Same as for single precision, except 
branches to the MMl7DN. 
LA P2, Ml 
LA Pl, temp-storage-area 
LH1 5, n 
ACALL MMl5SN 
Same as for single precision, except 
branches to MMl5DN. 
LA P2, Ml LA P2, Ml 
3. 
LA Pl, temp-stor- LA Pl, temp-stor-
age-area age-aiOea 
LA ?, n ACALL MMllS3 
LA 6, m 
ACALL MMllSN 
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°2eration ~ n-code 3-code 
**T double Same for single precision, except MI as 
that the routine branched to is either 
MMIIDN or MMIID3 for n x n matrices 
and 3 x 3 matrices respectively. 
MI )IS M2 single LA P3, M2 LA P3, M2 
MI: k x m LA P2, MI LA P2, MI 
M2 : m x n 
LA PI, temp":area LA PI, temp-area 
LHI 5, k ACALL MM6S3 
LHI 6, m* 
LHI 7 , n* 
ACALL MM6SN 
MI )IS M2 double Same as for single precision, except 
that the"routines branched to are 
MM6DN and MM6D3 for the general case 
and the 3 x 3 case respectively. 
* Either of the instructions may be of the form: LR 6,5 if n=k, 
etc. 
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3.1. 5.2 Conditional Operators. The only comparison operators 
allowed for comparing vectors and matrices are = or ~ =. 
since these comparisons are done on an element-by-element basis, 
the same routines that are used for size-n vectors are also used 
for size n x m matrices which are considered to be vectors of 
length n x m. No logical variables are created by comparisons. 
Instead, branching to the "not-true'label" occurs with the "not 
true" condition. 
Oeeration ~ 
Vl <OP> V2 single 
Vl <OP> V2 double 
Ml <OP> M2 single 
Ml, M2 : mxn 
Ml <OP> M2 double 
n-code 3-ccde 
LA P3, V2 LA P3, V2 
LA P2, Vl LA P2, Vl 
LHI 5, n Mitl.L VV8S3 
ACALL VV8SN BC COND, not-true-
label 
BC COND, not-true-label 
Scune as for single precision, except 
that the routines branched to are VV8DN 
and VV8D3 for n-vectors and 3-vectors 
respectively. 
LA P3, M2 LA P3, M2 
LA P2, Ml LA P2, Ml 
LHI 5, mxn LHI 5, 9 
ACALL VV8SN ACALL VV8SN 
BC COND, not- BC COND, not-true-
true-label label 
Same as for single precision, exc~pt 
that the routine branched to is VV8DN. 
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3.1.5.3 comtonent Subscripting. possible components of 
matrices inc~udesubmatrices, vectors, column vectors, and 
single components. Possible components of vectors include sub-
vectors and sigle components. The resultant type of component 
is determined by the subscripts used. Note that double 
precision operations are not shown - their code is identical 
except that: a) the called routines will be VV1DN rather than 
VV1SN, etc; b) the index multiplier is 4 instead-of 2. 
RegIster 7, when used, contains skip values between elements 
in partitioned matrices (see Section 3.1.1.3). 
Operation* n-code 3-code 
Y = Vx.; LE R , V + 2 * i N.A. 
~ x x 
STE R , Y 
x 
Y = VX I ; LH 
RI , I 
LE R 
x' 
Vx (RI ) N.A. 
STE Rx ' Y 
VYI = X; LH 
RI , I 
LE Rx ' X N.A. 
STE R , 
x 
Vy(RI ) 
VYn AT I = Vx I; n AT 
LH RI , I 
LH RI , I 
AR RI , RI 
AR RI , RI 
LA P2, Vx (RI ) LA P2, VX(RI ) 
LA P1, Vy (RI ) LA P1, Vy (RI ) 
LHI 5, n ACALL VV1S3 
ACALL VVlSN 
* i indicates integer literal, I indicates integer variable. 
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OEeration* n-code 3-code 
-~ 
My = Mxm AT I, n AT J ,-" 
assumes My is an m by n 
MATRIX 
, , 
LH R1 , I 
<same> 
MHI RI,<column size of M > x 
AH RI , J 
AR RI , RI 
LA P2, My (RI ) 
L 7, F'delta,O' > 
LA Pl, M Y 
LHI 5, m 
LHI 6, n 
ACALL MM1SNP 
N = V· LH RI , I LH 
RI , I 
Y*,I x' 
AR RI , RI 
AR RI , RI 
, 
... "", 
LA P2, Vx LA P2, Vx 
LHI 6, 0 LHI 6, 0 
LHI 7 , delta LHI 7 , delta 
' ., 
LA Pl, Mx (~I) LA Pl, MX(RI ) 
LHI 5, n ACALL VV1S3P 
1 
I ACALL VV1SNP \ 
* i indicates integer literal, I indicates integer variable. 
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3. L 5.4 Conversions. MATRIX/VECTOR conversions are done by 
considering matrices as vectors, and assigning the required 
components to the receiver variable. More than 1 argument 
requires multiple calls to the vector assign routine (as 
shown in the second sequence below). Use of double precision 
operands will cause branches to VVlDN. Otherwise, the code 
is unchanged. 
operation 
VECTOR (M
x
) 
Produces vector of size 
equal to product of 
dimension of matrix: 
n x m. 
MATRIX (V , V ,V ) 
x y z 
n-code 
LA P2, M2 
LA Pl, t.emp-area 
LHI 5, nxm 
ACALL WISN 
LA P2, Vx 
LA Pl, temp-area 
LHI 5, nx 
ACALL VVlSN 
LA P2, Vy 
LA PI, temp-area+DELTAI 
LHI 5, n y 
ACALL WISN 
LA P2, Vz 
LA PI, temp-area+DELT.A2 
LHI 5, nz 
ACALL WISN 
* This is an example using several vectors to illustrate th.e 
multiple calling of the WISN Cor WlS3) routine. It 
applies to the VECTOR shaping function. 
3-41 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
; , 
. i 
I 
. ,
, 
.1 , 
, 
ir ,oj_ 
I 
3.1.5.5 Assignments. Vectors and matrices may be assigned 
to other vectors and matrices of the same dimensions. In 
addition, they may have all elements set to zero by a state-
ment of the form: 
* M = 0; or V = 0; 
Note that the use of double precision operands will only 
change the routines branched to: i.e. VV1DN and VVODN 
respectively in the code sequences below. 
Operation 
V = V x y 
V = 0 
x 
M = M x y 
and 
Mx = 0 
n-code 
LA P2, Vy 
LA Pl, V 
x 
LHI 5, n 
ACALL VV1SN* 
SEDR 0, 0 
LA Pl, V 
x 
LHI 5, n 
ACALL VVOSN** 
3-code 
LA P2, Vy 
Pl, Vx 
ACALL VV1S3 
LA 
SEDR 0, 0 
LA Pl, Vx 
LHI 5, 3 
ACALL VVOSN 
Same as for vectors, except that the 
content of register 5 is equal to the product 
of the matrix dimensions. 
* For REMOTE data, VR1SN is called in place of VVlSN. 
** For REMOTE data, VROSN is called in place of VVOSN. 
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The temporary area used to store the result of the last 
HALMAT operation before an assignment can be eliminated 
if the vector-matrix statement is of a suitable "J,)rm" 
for .optimization and one of four conditions hold(·, The 
statement may not have multiple receivers; the single receiver 
must be a consecutive partition or be nonpartitioned. The 
precision of the right-hand-side of the statement must match 
the precision of the receiver. The receiver cannot be a 
remote variable, and neither the receiver nor the operand(s) 
of the final HALMAT operation can be name variables, or 
the terminal of a subscripted structure. Also, variable 
subscripts on any variables do not allow optimization processing 
to continue. 
Statements that meet these basic requirements can then be 
checked for the occurrence of a necessary and sufficient 
condition for optimization. The result .of the final operation 
before the assignment will be stored directly in the receiver 
if at least one of the following conditions is true: 
1) a) The receiver is nonpartitioned and the last operation 
before the assignment HALMAT is a "Class 3" operation. 
Class 3 operations include matrix-scalar and vector-scalar 
multiplication and division, vector-matrix addition and 
subtraction, vector and matrix negation and the built-in 
function, UNIT. 
b) The last .operation is a "Class I" operation. The 
class contains only "matrix raised to oth power". The 
result, the identity matrix, can be stored directly in 
any consecutive receiver. 
2) The operand(sX are in temporary work areas. Nonconsecutive 
partitions are moved to work areas when the operands are 
processed. The result of a previous operation is also in 
a work area. Operands in work areas are disjoint from 
the receiver. This is important for "class 2" operations 
that use the elements of the vector or matrix, vector-vector, 
and matrix-matrix arithmetic, and matrix transpose and 
exponentiation (also, the built-in functions, TRANSPOSE and 
INVERSE). This condition can also hold for class 1 and class 
3 operations. If the operation has two operands, both must 
be in work areas for this condition to be true. 
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3) The operand(s) are nonidentical to the receiver. A 
receiver-operand pair is nonidentical if the operand is 
in a work area, or if neither variable is a formal 
parameter and the variables have different symbol table 
references, or if only one of the variables in a formal 
parameter and the NEST level of the non-parameterized 
variable is greater than or equal to the NEST level 
of the parameterized variable (again, symbol table 
reference cannot be the same). 
where 
EXAMPLEl: PROGRAM; 
DECLARE MATRIX(3,3), S,T; 
PROC: PROCEDURE (A) ASSIGN(B); 
DECLARE MATRIX(3,3), A,B,C; 
SUBPROC: PROCEDURE (X) ASSIGN(Y); 
DECLARE MATRIX(3,3), X,Y,P,Q; 
Y2 TO 3,* ::: X2 TO 3,* + C2 TO 3,*; 
BZ TO 3,* = P 2 TO 3,* + Q2 T0 3,*; 
CLOSE SUBPROCi 
CALL SUBPROC(A) ASSIGN(C)i 
CLOSE PROC; 
CALL PROC(S) ASSIGN(T); 
CLOSE EXAMPLEl; 
X&Y are parameters, C is not 
NEST LEVEL(Y)=2, 
NEST-LEVEL (C) =1-
Y can be C - cannot assign directly. 
P&Q not parameters - ok to assign directly 
NEST LEVEL(P)=2, 
NEST=LEVEL(A)=l. 
4) The operand(s) are disjoint with the receiver. A receiver-
operand pair can be disjoint in two ways. If the pair is 
nonidentical it is, by default, disjoint. If both the receiver 
and the operand are consecutively partitioned, they are 
disjoint if the partitions do not overlap in any way. If 
the receiver and the operand have the same symbol table 
reference (are identical) then the two partitions can be 
disjoint in either "direction". For example, let A 
be a 4-by-4 matrix. Then, 
A 1 TO 2,* 
A3 TO 4,* 
= A3 TO 4, * + 
= Al TO 2, * + 
and 
are both disjoint pairs. 
If the receiver and operand are possibly identical, then the 
pair can only be disjoint if all of the operand partition 
comes after the receiver partition. 
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EXAMPLE2: PROGRAM; 
DECLARE MATRIX(6,3), A,D,E; 
PROC: PROCEDURE(B,C); 
DECLARE MATRIX(4,3), B,Ci 
Al TO 2,* = B3 TO 4/~ + C3 TO 4,*; 
A3 TO 4,* ~ BI TO 2,* + C3 TO 4,*; 
CLOSE PROC; 
Pairs A-B & A-C 
disjoint 
Pair A-B not neces-
sarily disjoint 
CALL PROC(A3 TO 6,*,B3 TO 6,*); (B I TO 2 * is really 
, A3 TO 4,*) 
A,D,E are, by default, 
disjoint because they 
are nonidentical 
A3 TO 4,* = 0 3 TO 4,* + EI TO 2,*; 
CLOSE EXAMPLE2i 
If the operation has two operands, both receiver-operand pairs 
must be disjoint for this condition to be true. The non-
identical and disjoint checks are made at the same time, 
so this condition also holds if one pair is disjoint by 
disjoint partitioning and one pair is disjoint by being 
nonidentical. 
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3.1.6 Structure Operations 
3.1.6.1 Structure Comparisons. Structure comparisons may 
only be = or ~=. The comparison is done by comparing corres-
ponding terminal elements of the two structure operands in 
order of their natural sequence. Each terminal element is 
referenced by adding the displacement of the element ·to 
the address of the structure (see Section 3.1.1.3). No 
logical variables are created. Instead, branching to the 
"not-true-label" occurs with the "not-true" condition. 
Operation Code 
X <OP> Y LA 2, X 
LA 3, Y 
LA 2, terminal #1 (X) 
LA 3, terminal #l(Y) 
for each LHI 5, width 
terminal 
BAL 4, CSTRUC 
BC COND, not-true-label 
<same for all terminals> 
BC 7, true-label 
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3.1. 6.2 Stru,::ture Assignments. The assignment of both 
major andIiiIIior structures is done via the MSTRUC routine. 
The addresses of the structure nodes being accessed are 
loaded into registers 1 and 2. The width (in halfwords) 
of the structure node accessed is loaded into register 5. 
Operation Code 
y = X LA P2, X 
LA PI, Y 
LHI 5, width 
ACALL MSTRUC* 
* For REMOTE data, MSTR is called instead of MSTRUC. 
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3.1.7 Indexing and Arrayed Statements 
3.1.7.1 Linear Array Indexing. Linear array indexing is 
the use of subscripts, on an arrayed data type, to produce a 
one-dimensional resultant array. In the generated code, only 
one register - Ra - is needed to keep track of the index value. 
An initial entry to the array loop (see Section 3.1.7.4), Ra 
is initialized to a value of 1. On each pass through the loop, 
Ra is used to define a DELTA value to index the arrayed data 
(see Section 3.1.1.3). Following this, at the end of the loop 
Ra is incremented by 1, and is tested to determine if all of 
the data has been utilized, as described in Section 3.1.7.4. 
Ra is any available indexing register. Its contents may not 
be altered during the course of an arrayed statement. If the 
index in Ra must be shifted to access the word or doubleword 
data, it must be moved to another register to perform this 
shift. 
3.1.7.2 Non-Linear Array Indexing. Non-linear array indexing 
has more than one index Which can change values to produce a 
multi-dimensional resultant array. The actual code generated, 
though, can only utilize one register - Ra - for indexing. Thus, 
temporary storage is needed to store all but the inner~most 
index. As with linear indexing, all index values (both in Ra 
and temporary storage) are initialized to 1. The DELTA value 
defining the index of each arrayed data item is then computed 
on the basis of the value of Ra and the index values stored 
in memory (see section 3.1.1.3). Following this, each index 
value is tested against the size of the corresponding dimension 
(of the rosultant array) to determine if all of the data has 
been utilized and/or .,1hiQh indices c:t~e incremented for the 
next iteration. An example of this is given in Section 3.1.7.4. 
3.1.7.3 Array Indexing. Arrays may be used in their entirety 
in HALlS without explicit subscripting (for example assignment 
of two equally dimensioned arrays). However, the code generated 
is very similar to that for non-linear indexing, except that 
the indicies are tested against the size of the corresponding 
declared dimensions of the arrays, rather than against the 
size of the corresponding dimensions of the subscripted 
array. An example of this is shown in the next section. 
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3.1. 7 .4 Arrayness and Loop Generation. This section has 
an example of each possible form of array loops, and how 
indexing is achieved within them. In general, an array 
loop consists of the following sections: 
a) initialization of index values~ 
b) computation of address of arl.dY ...:lement from 
index value (see Section 3.1.1.3)~ 
c) actua.l operation to be performed on the array 
element{s) (i.e. assignment, comparison, etc.)~ 
d) incrementing and testing index values. 
It should be noted that non-linear and array indexing 
produce multiple loops and indices. Since only a single 
register is available for indexing, temporary storage 
of index values for outer loops is employed. 
Operation ~ Code 
Linear Indexing: L 7, =H'l,2'} <D 
[Xl = [Y] 3 AT 2 [Xl: 
[Yl : 
Notes on above example: 
(i) initialize 
@ assignment 
ARRAY (3) SCALAR 
ARRAY (5) SCALAR 
DOUBLE 
(j) increment and test index 
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Operation 
Non-Linear Indexing: 
[ I] = [V]1,2 '1'0 3,*:2 
[I] : ARRAY (2,4) INTEGER 
[V] : ARRAY(2,3,4) VECTOR 
outer-loop: 
inner-loop: 
Notes on the above example: 
initialization and storage of first 
index value 
initialization of second index value 
indexing of [V] 
indexing of [I] 
assignment of scalar value to an integer 
value 
incrementing and testing second index value 
incrementing and testing first index value 
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Code 
L 7, =H'l,l'} Q) 
ST 7 , tempI 
L 7, =H' 1,3 ,} <V 
LH 6, tempI 
SLL 6, 2 
. CD AR 6, 7 
MIH 6, =H'3' 
LH 5, tempI } SLL 5, 2 <V 
AR 5, 7 
LE 0, V+IOO(6) 
STH 5, temp2 
ACALL ETOH 
LH 
STH 
BIX 
L 
BIX 
6, 
5, 
7, 
7, 
7, 
temp2 
1(6) 
inner- }(§j loop 
tempI }et outer-
loop 
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code 
operation .-
Array Indexing: 
* * [M] = [N] * * [M] , [N] : 
ARRAY(2,3} 
MATRIX (2,4) 
L 
outer-loop: ST 
L 
7, =H' 1 , l! t Q) 
7, templ 
7, =H' 1,2' ® 
6, templ )1: inner-loop: LH 
MIH 6, ~H' 3' . 
)OJ 
Notes on above example: 
inl i: .. ialization and storage of 
first index value 
initialization of second index value 
'/r' 
indexing of l!~] 
* indexing of [M] 
matrix to matrix assignment 
SLL 
AR 
SLL 
6, 15 
6, 7 
6, 3 
LH 5, templ 
MIH 5, =H' 3' 
AR 5, 7 
SLL 5, 3 
LA P2, N(6) 
LA Pl, M(5) 
ST 7, temp2 
LHI 5, 8 
ACALL VV1SN 
L. 7, temp 2 
BIX 7, inner-
loop 
L 7, temp 1 
BIX 7, outer-
loop 
incrementing and testing second index value 
incrementing and testing first index value 
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3.1.8 PROCEDURE/FUNCTION Calls 
REPROD UCD3ILITY OF rrJT~! 
ORIGn~AL PAGE 18 PUOl:, 
The PROCEDURE/FUNCTION calling process consists of 
two parts: 
a) argument set up; and 
b) the actual branch to the subroutine. 
Argument set up uses registers 5-7 as needed for 
passing integers or bit strings, and/or pointers to 
vectors, matrices, character strings, arrays or structures. 
Floating point registers 0, 2, and 4 are similarly used 
to pass scalar arguments. Once all of these registers 
are utilized, all remaining arguments are placed in a run 
time stack for the procedure or function. 
The actual code generated sets up the arguments 
in the order that they appear in the HAL/S PROCEDURE or 
FUNCTION block definition statement. For example, if 
the function is: 
F: FUNCTION(integer_l,scalar_l,scalar_2,vector_l,integer_2); 
then the registers are loaded in the order: 
register 7 using LH or L 
register 6 using LA to load the pointer to 
vector 1 
register F2 using LE-or LED 
register FO using LE or LED depending on the 
precision of scalar I 
register 5 using LH or L depending on the 
precision of integer I 
-
Onpe all arguments are set up, the actual branch is a 
BAL or SCAL instruction to the CSECT defined for the procedure 
or function. 
A leaf procedure/function is one which has no stack 
requirements (i.e. no parameters, no stack temporaries, no 
local addressable data, no ON ERROR statements, and no intrinsic 
library calls). Such procedures may be called via BAL R4,<routine 
name>. These routines are exited using BCR 7, R4. 
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operation 
Argument Setup 
Args 
<3 non-scalar 
, 
,-
and <3 scalar 
Actual Call 
Argument Setup >3 pon-scalar 
and/or >3 scalal/' 
Code 
LH 7, arg3 
LH 6, arg2 
LH 5, argl 
LE 4, scalar-arg3 
LE 2, scalar-arg2 
LE 0, scalar-argl 
ACALL csect-name 
LH R, argn 
STH R, stack 
Alternate Code 
L 7, arg3 or LA 7, arg3 
L 6, arg2 or LA 6, arg2 
L 5, argl or LA 5, argl 
LED 4, scalar-arg3 
LED 2, scalar-arg2 
LED 0, scalar-argl 
r. 11on-scalar stores 
Actual Call 
Notes on the 
(f , iJl 
:!;/ into stack 
LH R, arg4 
STH R, stack 
LE FR, scalar-argn " 
STE FR, stack 
".-- scalar stores 
\~) stack 
LE FR, scalar-arg4 
STE FR, stack 
LH 5, argl 
1--
,-:D 
LE 2, scalar-arg2 
ACALL csect-name ; 
above: 
Any additional arguments are generally loaded into 
any unused register and stored. The actual load op 
codes may be: L, LH, LA, LE, or LED, depending on 
the type of argument. Similarly, the stores op 
codes may be ST, STH, STE, or STED. If the argu-
ment already exists in a register, then the code 
generated will be only a store from that register 
into the stack. 
Loading of the first 3 non-scalar, and the first 3 
scalar arguments. This is identical to the code 
shown in the first example above. 
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3.1.9.1 PROGRAM and TASK Definition. 
Operation Code 
-
PROGRAM or TASK definition block-name: LA 0, stack-start* 
LA 1, program-data-csect 
STH 1, 5 (0) 
IAL 0, stack-size 
LA 3, local-data-area(l) 
STH 3, 9 (0) 
* Omitted if SDL option is turned on. 
3.1.9.2 PROCEDURE and FUNCTION Definition. Both PROCEDURE 
and FUNCTION definitions are similar to PROGRAM and TASK 
definitions. However, floating point store instructions are 
needed to save any scalar arguments passed via registers. 
Operation Code Alternate Code 
-
PROCEDURE or block-name: 
FUNCTION For COMSUBS { LA definition only 1, 
program-data-csect 
STH 1, 5 (0) 
IAL 0, stack-size 
LA 3, Local-data-area(l) 
8TH 3, 9 (0) 
CTE 0, stack STED ° , stack optional 8TE 2, stack STED 2, stack STE 4, stack STED 4, stack 
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3.1.10 Flow of control Statements 
3.1.10.1 IF ••• THEN ••• ELSE. The code shown below is 
most general form of the IF ••• THEN ••• ELSE statement. 
assumed that the condition code from the conditional 
sion has been generated (see previous subsections on 
for the 
It is 
expres-
condi-
tionaloperations). 
-operation Code 
IF <cond exp> THEN < ••• > ELSE < ••• > BC cond, else-label 
then-label: texecutable code forl 
THEN clause 
· 
· 
· 
else-label: 
next-statement: 
IF <cond exp> THEN < .•. > 
next-statement: 
3-55 
BC 7, next-statement 
{
executable code for} 
ELSE clause 
· 
· 
· 
BC cond, next-statement 
{
executable code 
THEN clause 
· 
· 
· 
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3.1.10.2 DO FOR ••• Loops. The DO FOR loop has two forms: the 
iterative, and the discrete. They may also cause termination 
of the loop by use of the clause UNTIL < >, or WHILE < >. The 
use of these clauses is shown for the case of the iterative 
DO FOR forms where the additional code needed has been labeled 
"UNTIL code" and "WHILE code". This same additional code is 
generated for the discrete DO FOR and is placed immediately 
before the executable code within the DO group (the same 
process as is illustrated with the iterative DO FOR). Note 
that the code only shows the use of a single precision integer 
index; double precision integers, and single or double precision 
scalars follow the same algorithm with the exception that the 
corresponding full word, or floating point instructions are 
used when dealing with the index variable. 
Operation Code 
DO FOR I = a TO b BY c;* LHI 7, a 
loop-begin: BC 7, test-label 
J executable code wi thin DO group 
repeat**:LH 7, I*** 
AHI 7, c 
test-label: STH 7, I 
CHI 7, b 
BC 6, loop-begin 
exit-label: . 
J code for statement lowing DO group 
* Assumes a, b, and c are literal values. 
** This is referenced by the REPEAT statement (see Section 
2.3.10.5) • 
*** This instruction may be omitted if the REPEAT label is 
not actually used, and the loop index I is already in the 
designated register. 
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Operation 
DO FOR I = a TO b BY c 
UNTIL <cond exp>~ 
Code 
ZH temp-area 
LHI 7, a 
UNTIL code 
END~ 
BC 
loop-begin: TS 
7, test-label 
temp-area 
first-statement: 
repeat**: 
test-label: 
exit-label: 
BC 4, first-state-
ment* 
BC 
LH 
AHI 
STH 
CHI 
BC 
:} cond for expo 
cond, exit-label 
:.} executable code 
within DO group 
7, I 
7, c 
7, I 
7, b 
6, loop-begin 
UNTIL code 
• } code for statement 
following DO group 
* This is done to avoid testing the <cond exp> until after 
executing through the loop at least once. 
** This is referenced by the REPEAT statement (see Section 
3.1.10.5) • 
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OEeration Code 
DO FOR I = a TO b by C WHILE <cond exp> LHI 7, a 
BC 7, test-label 
ENDi loop-begin: _) code for cond } WHILE 
: exp code 
BC cond, exit-label 
) executable code within 
DO group 
LH 7, I 
AHI 7, c 
test-label: STH 7, I 
CHI 7, b 
BC 6, loop-begin 
exit-label: . ) code for 
statement fol-
lowing DO group 
DO FOR I = a l , a 2 , ... , 
a label-l: LHI 7, n al 
BAL 4, test-label 
END; label-2: LHI 7, a 2 
BAL 4, test-label 
label-n: LHI 7, an 
LA 4, exit-label 
test-label: ST 4, temp-area 
STH 7, I 
:) executable code within DO group 
repeat*: L 4, temp-area 
BCR 7 , 4 
exit-label: :) code for statement fol-lowing DO group 
* This is referenced by the REPEAT statement (see section 
3.1.10.5) • 
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Operation Code 
DO FOR I = 11 TO 12 BY 13 LH 5, 12 
STH 5, temp-test 
END~ LH 6, 13 
(11, 12, 13: variables) STH 6, temp-incr 
LH 7, 11 
BC 7, test-label 
loop-begin: } executable code within 
DO group 
repeat*: LH 7, I 
AH 7, temp-incr 
test-label: STH 7, I 
LH 5, temp-incr 
LA 5, loop-begin 
BC 5, positive-test** 
CH 7, temp-test 
BCR 5, 5 
BC 7, exit-label 
positive-test: CH 7, temp-test 
BCR 6, 5 
exit-label: } code for statement fol-lowing DO group 
* Repeat label (see Section 3.1.10.5) 
** This branch is determined by the condition code set by the 
previous LH 5, temp-incr instruction. 
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3.1.10.3 DO WHILE/UNTIL. Both of these forms of DO groups 
are essentially the same except that the DO UNTIL does not 
test its conditional expression until it has finished executing 
the code once. In both cases, the condition is tested as 
detailed in preceeding .subsections. 
Operation 
DO WHILE <cond exp> repeat: 
BC 
BC 
exit-label: 
DO UNTIL <cond exp> BC 
repeat: 
BC 
first-statement: 
BC 
exit-label: 
3-60 
Code 
cond, 
I 
code for conditional 
expression 
exit-label 
code for statements 
within DO group 
7, repeat 1 code for statement 
) following DO group 
7, first-statement 
cond, 
code for conditional 
expression 
exit-label 
code for statements 
within DO group 
7, repeat 
} code for statement following DO group 
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3.1.10.4 DO CASE. The DO CASE statement is used to select 
on~of a collection of statements for pr~eessing. 
°Eeration 
DO CASE I; 
<statement 1> 
<statement 2> 
<statem~nt n> 
END; 
else-ease-label: 
exit-ease-label: 
case-vector 
Code 
LH Re' I 
BC 6, else-ease-label 
LA 2, case-vector 
CH P.
e
, 0(2 ) 
BC 1, else-ease-label 
LH 4, o (Re , 2) 
BCR 7 , 4 
<else statement code> 
BC 7, exit-ease-label 
<statement 1> 
BC 7, exit-ease-label 
<statement 2> 
BC 7, exit-ease-label 
<statement n> 
Data 
DC 
DC 
DC 
DC 
H In' 
Y (sta tement 1) 
Y(statement 2) 
Y(statement n) 
<D 
Q) 
(j) 
bounda,eheeks on case number. Omitted if ELSE case not 
spee~r~ed. 
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3.1.10.5 GO TO, REPEAT, EXIT. All of these statements take 
the form of unconditional branches. It should be noted that 
REPEAT and EXIT statements may only be used inside DO groups. See 
Sections 3.1.10.2 and 3.1.10.3 for the locations of the 
"repeat" and "exit-label" within a DO group. 
Operation 
GO TO label 
REPEAT 
REPEAT label 
EXIT 
EXIT label 
Code 
BC 7, label 
BC 7, repeat "repeat" is the loca-
tion of the code which 
determines whether DO 
group iteration is 
finished or not .• 
BC 7, exit-label "exit-label" is the 
location of the code 
immediately following 
the end of the DO 
group. 
3.1.10.6 RETURN. The RETURN statement will branch back from 
the code for a function to the code immediately following the 
function's invocation. 
Operation 
Procedures & Functions 
RE'rURN 
Programs & Tasks 
RETURN 
Code 
SRE[, 7, 0 
BCR 7, 4 
SVC =H' 21' 
3-62 
normal 
leaf procedure or 
function 
... INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE. MASSACHUSETTS 02138 • (617) 661-1840 
.. 1 :'~~ 
j 
__ ~~~ _ ~_ __ , __ -~ , -~'I'7 ' 
! 
--", '" -" '"'~. ~ 
3.1.10.7 ON ERROR/OFF ERROR/SEND ERROR. 
5)peration Code 
ON ERROR <stmt> LA 4, <stmt> n:m 
STH 4, er,ror table entry l. 
LHI 4, < action> * 
STH 4, error table entry 0 
Be 7, next-statement 
<stmt>: <code for stmt> 
next-statement: 
: } code for next statement 
ON ERROR SYSTEM [AND 
n:m 
SIGNAL 
SET <event;>] 
RESET 
,- I 
LA 
STH 
4, <event> I only if event 
4, error table entry 1 action phrase 
present 
ON ERROR IGNORE [AND 
n:m 
SEND ERROR 
n:m 
OFF ERRORn : m 
LHI 4, <action> 
STH 4, error table entry 0 
SIGNAL 
SET <event>] 
RESET 
LA 
STH 
4, <event> 
4, error table entry 
LHI 4, <action>* 
} 
only if event 
1 action phrase 
present 
STH 4, error tabla entry 0 
SVC = X'0014nnrnrn' 
ZH error table el'ltry 0 
* <action> contains action code, error code, and error group 
as defined in HAL/FCOS ICD. 
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3.1.11 Built-In Functions 
3.1.11.1 Inline Built-in Functions. The following built-
in functions emit the inline code shown in the following 
sequences. In all cases, it is assumed that Rx contains 
the argument except when a specific load instruction is 
shown. The results will always be in register Ry • 
Operation Code 
ABS (arg) scalar, single LE R y' arg 
LECR R,R 
Y Y 
BC 2, *-1 
scalar, double LED R y' arg 
LECR R , R 
Y Y 
BC 2, *-1 
integer, single LH Ry ' arg 
LACR R , R 
Y Y 
BC 2, *-1 
integer, double L R , arg y 
LACR R , R 
Y Y 
BC 2, *-1 
LENGTH (char) character string LH R , char y 
NHI R y' 255 
SIGN (arg) scalar, single LE R , arg x 
LFLI R, Y 1 
LER R 
x' 
R 
x 
BC 5, continue 
LECR R , R 
Y Y 
continue: 
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Operation 
scalar, double 
continue: 
integer, single 
continue; 
integer, double 
continue: 
SIGNUM (arg) scalar, single 
equal: 
continue: 
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Code 
-
LED 
LED 
LEOR 
BC 
LECR 
LH 
LFXI 
LR 
BC 
LACR 
L 
L 
LR 
BC 
LACR 
LE 
LFLI 
LER 
BC 
BC 
LECR 
BC 
SER 
Rx' arg 
R , 0'4110000000000000' 
Y 
Rx' R x 
Sf continue 
R , R 
Y Y 
RXf arg 
R , 1 
Y 
Rx ' Rx 
5, continue 
R f Y 
R 
x' 
R y' 
Rx ' 
5, 
R y' 
arg 
=F'l' 
R 
x 
continue 
R 
Y 
R , arg 
x 
R , 1 
Y 
Rx ' Rx 
1, continue 
4, equal 
R , R 
Y Y 
7, continue 
R, R Y Y 
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Operatiot:, 
SUBBIT (arg) 
m TO n 
- or-
SUBBITm_ n + lAT m(arg) 
integer, single 
equal: 
continue: 
integer, double 
equal: 
continue: 
integerJ single, 
or bits of length 
< 16 
integer double, 
or bits of length 
> 16, or scalar 
single 
* The mask value is: 2 (n-m+l)_l. 
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Code 
LH R f arg 
x 
LFXI R y' 1 
LR R 
x' 
R 
x 
BC 1, continue 
BC 4, equal 
LACR R y' R Y 
BC 7 , continue 
SR R y' R Y 
L Rx' arg 
L R y' =F'l' 
LR R , R 
x x 
BC 1, continue 
BC 4, equal 
LACR R, R 
Y Y 
BC 7 , continue 
SR R y' R Y 
SRL R y' 16-n 
NHI R y' mask* 
SRL R, 32-n y 
N R y' F'mask'* 
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Operation ~ Code 
SHL (arg, n) integer SLL R arg' n 
SHR (arg, n) integer SRA R arg' n 
XOR(X,Y) Bit, n<16 LH R y' Y 
XR R 
x' Ry 
Bit, n>16 X R x' Y 
or XR R x' Ry 
MIDVAL(X,Y,Z) scalar LE FO, X 
LE FI, Y 
'" MVS FO, Z 
, ' 
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3.1.11. 2 Out of Line Functions. Out of line functions require 
branches to the ~un time library. 
The registers needed for parameter passing, and the name of 
the library routine branched to, are specified in the tables 
of Section 5. Examples are given for representative argument 
types. 
Operation Type of X Code 
COS (X) scalar, single LE 0, X 
ACALL COS 
SQRT(X) scalar, double LED 0, X 
ACALL DSQRT 
ABVAL(X) vector (3) , double LA 2, X 
ACALL W9D3 
'rRANSPOSE (X) matrix(m,n), double LA P2, X 
LA PI, temp-area 
LA 5, m 
LA 6, n 
ACALL MMIIDN 
matrix(3,3), single LA P2, X 
LA PI, temp-area 
ACALL MMIlS3 
UNIT (X) vector(3), single LA P2, X 
LA PI, temp-area 
ACALL WIOS3 
RANDOMG ACALL RANDG 
TRIM (X) character LA P2, X 
LA PI, t~emp-area 
ACALL CTRIMV 
MAX (X) array(n) LA 2, X 
LHI 5, n 
ACALL EMAX 
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3.1.11.3 Shaping Functions. Shaping functions are explicit 
invocations of type conversion. The generated code for shaping 
functions has been described in previous subsections where 
conversions have been described (see Sections 3.1.2.3, 3.1.3.4, 
3.1.4.4, and 3.1.5.4). 
In addition, when conversion functions are used in a true 
"shaping" sense, (e.g. MATRIX«integer array»), a subroutine 
is used to move contiguous elements, with possible conversion, 
to a result location of the desired shape. 
Example: 
MATRIX (A) where A is a 9 element integer array 
LA P2, Al 
LA Pl, <result loc> 
LHI 6, X'OOO2' flags* 
LHI 5, 9 size 
ACALL QSHAPQ 
-." 
-
* Flags: 1st 8 bits indicate input data type. 
2nd 8 bits indicate output data type. 
Values: 0 = H 
1 = I 
2 = E 
3 = D 
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3.1.12 Real Time Statements 
All REAL TIME statements are implemented by means of 
a supervisor call (SVC) instruction which has as its address 
a pointer to a parameter list. The first halfword of this 
parameter list contains a number which identifies the type 
of real time call. The remainder of the parameter list 
varies with the service being requested. 
The specific forms of the SVC parameter lists are 
those described in the HAL/FCOS ICD document. 
For real time statements in non-REENTRANT blocks, 
the SVC parameter lists are in the block's data area. Any 
invariant portions of the parameter lists are implemented 
by initialized data. Parts of the parameter lists which 
are runtime-dependent are created by execution of in-line 
code preceeding the SVC instruction. 
For real time statements in REENTRANT blocks, the 
SVC parameter lists ~re dynamically created in the stack by 
executable code preceeding the SVC instruction. 
3.1.12.1 WAIT Statement. The WAIT statement may use 
registers 0, 1 to contain a double precision time value 
specified in seconds. If the UNTIL option is specified, the 
time value is expressed as mission elapsed time. Any other 
times are 'delta-time' from the current mission elapsed time. 
If a time value is not specified in the WAIT statement, then 
the registers will hot be affected. 
Operation Code 
WAIT n n: literal LED 0, D'floating point 
of n' 
SVC parameter-list 
WAIT X X: scalar double LED 0, X 
SVC parameter-list 
WAIT FOR DEPENDENT SVC parameter-list 
WAIT FOR X X: event value SVC parameter-list 
WAIT UNTIL X X: scalar double LED 0, X 
SVC parameter-list 
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3.1.12.2 CANCEL, 'I'ERL'.1INATE Statements. 
operation 
CANCEL ) CANCEL<task id> 
TERMINATE 
TERMINATE<task id> 
3.1.12.3 SIGNAL, SET, RESET Statements. 
operation 
SIGNAL<event var> 
SET<event var> 
RESET<event var> 
~ 
latched or unlatched '\ 
latched 
latched 
3.1.12.4 UPDATE PRIORITY Statement. 
Operation 
UPDATE PRIORITY TO i 
UPDATE PRIORITY<taskid> TO i 
} i: integer 
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SVC parameter-list 
; I 
Code 
SVC parameter-list 
Code 
, 
SVC parameter-list 
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3.1.12.5 SCHEDULE Statement. In the following code generation 
sequenc" a schematic representation of possible SCHEDULE 
statement forms has been used. The symbol [ ] means that one 
of the contained elements may appear in the statement form with-
out affecting the generated code. The symbol { } means that 
one of the contained elements must be included in the statement 
form - but which one does not affect the code generated. 
In general, the code differs only when time values are specified 
in the SCHEDULE statement. This requires that the time valu,es 
be specified in double precision format in certain registers 
as shown below. 
Operation Code 
SCHEDU~E<label>[ON<event exp>] PRIORITY (I) [DEPENDENT] [~~~~~~:~:~~ :~~~] 
SVC parameter-list 
SCHEDULE<labe1>{AONT X}PRIORITY(I) [DEPENDENT] [WHILE<event exp>] X . UNTIL<event exp> 
LED 0, D'X' 
SVC parameter-list 
SCHEDULE<label>[ON<event exp>] PRIORITY (I) [DEPENDENT],REPEAT{~~i~~ i} 
LED 2, D'X' 
SVC parameter-list 
SCHEDULE<labe1> {ON<event exp>] PRIORITY (I) [DEPENDENT] UNTIL X 
LED 4, D'X' 
SVC parameter-list 
AT x} AFTER Y SCHEDULE<labe1>{ON X PRIORITY (I) [DEPENDENT],REPEAT{EVERY y} 
WHILE<event exp> 
[UNTIL<event exp>] 
LED 0, D 'X, 
LED 2, Diy' 
3-72SVC parameter-list 
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Operation Code 
SCHEDULE<label>{~i ~}PRIORITY(I) [DEPENDENT] UNTIL Y 
LED 0, D'X' 
LED 4, D'Y' 
SVC parameter-list 
SCHEDULE<label> [ON<event exp>] PRIORITY (I) [DEPENDEN'r] , REPEAT 
AFTER X {EVERY X}UNTIL Y 
LED 2, D'X' 
LED 4, D'Y' 
SVC parameter-list 
AT X AFTER Y SCHEDULE<label>{ON X}PRIORITY(I) [DEPENDENT], REPEAT{EVERY U} 
UNTIL Z 
LED 0, D'X' 
LED 2, D'Y' 
LED 4, D'Z' 
SVC parameter-list 
I' 
I 
1 
~ 
1 
I 
.. 
J 
1 
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3.1.13 I/O Statements 
3.1.13.1 Initiation. Initiation of either'READ, READALL, or 
WRITE statements consists of a branch to the IOINIT library 
routine. Register 1 contains the I/O channel number, and register 
o indicates the type of I/O to be initiated. 
Operation Code 
'READ(n) ••• LHI 6, n 
LHI 5, 0 
ACALL IOINIT 
READALL (n), ••• LHI 6, n 
LHI 5, 1 
ACALL IOINIT 
WRITE (n) ..• LHI 6, n 
LHI 5, 3 
ACALL IOINIT 
3-74 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETIS 02138 • (617) 661-1840 
. , 
i 
t 
) 
r 
! 
J 
!"--"~~t;& .. I. ,tt 3E¥~U._ 4$psg:;i1Jpt ¥ 3 •. t~ ...... ,
i 
I, 
_ ~~::::.-... ,.l~!..~~(:':::!'2::!.::!..::._:.~:...-~~ . ..:.::._---=--_- _._~_. 
3.1.13.2 Input. In all cases, the code sequences below follow 
the I/O initiation process described in the previous subsection. 
It is assumed that any conversions have been done previous to 
the code sequences shown; the resultant type determines which 
type of code sequence is generated. Note that vector and matrix 
partitioning require that the first element of the partition be 
kno\'mi additiona.lly, matrices require a DEJ .. TA value to be known 
to skip over those elements (in the "natural sequence") which are 
not part of the resulting partitioned matrix (see section 2.1.1.3). 
Operation 
READ ( )..., I , ••• integer, single 
integer, double 
READ ( ) r • • ., S , 111 scalar, single 
scalar, double 
REl\D ( ) ... I V I ••• vect:or (n) ; single 
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Code 
: } initiation 
LA 2, I 
ACALL HIN 
· } · initation 
· 
LA 2, I 
ACALL lIN 
· } · initiation 
· 
LA 2, S 
ACALL EIN 
: } initiation 
LA 2, S 
ACALL DIN 
:} initiation 
LA 2, V 
XR 7, 7 
LHI 5, 1 
LHI 6, n 
ACALL MM20SNP 
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Operation 
READ ( ) .•• , V, ••• partitioned vector 
of length n whose 
first element is 
locatecl at 'V+ 
displacement' 
vector(n); double 
(partitioned or 
not partitioned) 
READ ( ) ••• , r.f, ••• matrix (m, n); s iIlgle 
READ ( ) ••. , Mr... partitioned rna tr ix 
whose resul i:ant 
size is mxn, first 
element is M+dis~ 
placement. 
Code 
:} initiation 
LA 2, V+displacement 
XR 7, 7 
LHI 5, 1 
LHI 6, n 
ACALL MM20SNP 
same except branches to MM20DNP 
:} ini tia tion 
LA 2, M 
XR 7, 7 
LHI 5, m 
LHI 6 n 
ACALL MM20SNP 
:} ini tia tion 
LA 2, M+displacement 
LHI '7, DELTA 
LHI 5, m 
LHI 6 n 
ACALL MM:t 0 SNP 
matrix (m, n); double Same except branches to MM20DNP 
(partitioned or 
not partitioned) 
READ ( ) ... , c, ... character string 
or READ ALL ( ) ..• , C , oJ;. •• 
READ ( ) ... , 
Cm TO n" •• 
or READALL( ) ... , 
Cm TO n"" 
parti.tioned 
character string 
3-76 
LA 
ACALL 
LA 
LHI 
LHI 
ACALL 
: } initiation 
.? I C 
eIN 
: } 
2, C 
initiation 
5, m 
6, n 
CINP 
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Operation 
READ ( ) ••• , Cn , •.•• 
or READALL ( ) ••• , Cn , ••• 
READ ( ) ••• , B, ••• 
Arrayed Input 
single partitioned 
character string 
bit string(of length 
n)' 
Code 
LA 
LHI 
LR 
,ACALL 
:} 
2,C 
5,n 
6, 5 
CINP 
initiation 
.
·.l f ini t.iation 
LH! 6" n 
ACALL BIN* 
S'l' 6, B 
The actual code genera·ted depends on the 
type of array. Thus, the code will consist 
of an array loop (see Section 2.1.7.3) which 
contains the proper code for inputting of each 
array element using the code shown above 
(corresponding to the array element type) .• 
3.1.13.3 Output. In all cases, the code sequences below follow 
the I/O inItiation processes described in Section 2.1.12.1. It 
is assumed that any conversions have been done previous to the 
code sequences shown; the resultant type determines which type 
of code sequence is generated. Note that vector and matrix 
partitioning require that the first element of the partition be 
known; additionally, matrices require a "delta" value be known to 
skip over those elements (in the "natural sequence") which are not 
part of the resulting partit'ioned matrix. 
WRITE ( ) •.• , I, ... integer, single 
integer, double 
Code 
LH 5,. I 
ACALL HOUT 
:} 
L 5, I 
ACALL lOUT 
~ BIN returns the bit string input in register R6. 
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operation 
WRITE ( ) ••• , S, ••• scalar, single 
scalar, double 
WRITE ( ) ••• , V, ••• vectbr(n): single 
WRITE ( ) ••• , V, •.• partitioned vector of 
length n whose first 
element is located 
at 'V+displacement' 
WRITE ( )"" M,,~, 
WRITE ( ) ••• I M"" 
vector(n): double 
(partitioned or 
non-partitioned) 
Inatrix (min); single 
Code 
:} ~nitiation 
I.E 0, S 
ACALL EOUT 
LED 0, S 
ACA.LL DOUT 
': t ~ initiation 
LA 2 I V 
XR ." 7 
LHI 5, 1 
LHI 6, n 
ACALL MM2lSNP 
:} initiation 
LA 2, V+displacement 
XR 7, 7 
LHI 5, 1 
LHI 6, n 
ACALL MM21SNP 
Same except branches to 
MM21DNP 
LA 
XR 
LHI 
LHI 
ACALL 
': } initiation 
2, M 
7, 7 
5, In 
6, n 
MM21SNP 
partitioned matrix 
of resultant sizG 
mxn whose first element 
is flHdisplacement LA 
LHI 
LHI 
LHI 
:} initiation 
2, M+displacement 
7, delta 
5, m 
ACALL 
6, n 
MM21SNP 
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Operation 
WRITE ( )," Ie, ' , , 
!W 
matrix(m,n)} double 
(partitioned or not 
part:i tioned) 
character string 
same except branches to 
MM21DNP 
': } initiation 
LA 2, C 
ACALL COUT 
partitioned character 
WRI'l'E ( ).", Cm TO n st:e:i.ng 
': } initiation 
WRITE ( )"" Cn I ' , , 
WRITE ( ).,., l3,.,. 
Arrayed Output 
single partitioned 
character string 
bit string (of length 
n) . 
LA 
LHI 
LHI 
ACALL 
2, C 
5, m 
6, n 
COUTP 
': } _ initiation 
LA 2, C 
LHI 5, m 
LR 6 5 
ACAtL COUTP 
L 
LHI 
ACALL 
. ': t . , initiation 
5, B 
6, n 
BOUT 
~he actual code generated depends on the type 
of array, Thus, the code will consist of an array 
loop (see Section 2.1,7.3) to cause iterative . -
outputting of each array element using the code 
shovm above (corresponding to the array element 
type) , 
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3.1.14 NAME Operations 
3.1.14.1 NAME Comparisons. 
::: or "'=. 
Operation 
NAME (X) <OP> NAME(Y) 
X,Y - NAME Variables 
NAME (X), <OP> NAME (Y) 
X ~ declared variable 
Y ~ NAME variable 
3.1.14.2 NAME Assignments. 
examples may only be a NAME 
be either an actual or NAME 
identical to Y. 
NAME (Y) = NAME (X) ; 
NAME) comparisons may only be 
Code 
LH Rx' X 
LH 1),; Y 
OR Rx' Ry 
Be COND, not-t.rue-label 
BC 7, true-label 
LA Rx' X 
La Ry ' Y 
CR Rx' Ry 
BC COND, not-tX'ue-label 
BC 7, true-label 
The variable Y in the following 
variable. The variable X may 
variable having declared properties 
LA R X x' where X is declared variable 8TH Rx' y 
NAME(Y) =- NAME (X) ; rJH Rx' X 
where X is NAME variable 5TH Rx' y 
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3.1.15 %NACROS 
The following %MACROS are recognized by the 
HAL/S-FC compiler and produce the indicated code. 
3.1.15.1 %SVC. 
--
Operation Code 
%SVC (a) SVC <l 
.3.1.15.2 % NAMECOPY. This operation works in the same manner 
as N~ ass1gnments except that the operands must be structures, 
but not necessarily having identical properties. 
Operation 
%NAMECOPY(Y,X); 
where X is actual 
variable 
3. 1. 15. 3 %COPY. 
Operation 
, 
%COPY(X,Y) 
%COPY(x,y,n) 
%COPY(X;,y,S); 
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Code 
Code 
L 
L 
MVH 
L 
L 
MVH 
L 
S'l' 
L 
ST 
LH 
STU 
R 
x' 
=Y(X, size of Y) 
Ry ' =z(y) 
R 
x' Ry 
Rx' =Y (X,n) 
Ry ' =z(y) 
R 
x' Ry 
Ry ' Y 
Ry ' X 
Ry ' Y+2 
R y' X+2 
Ry ' Y+4 
Ry ' X+4 
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3.1.16 NONHAL References 
Definition and use of the NONHAL construct in 
the HALlS-Fe compiler syst~m results in an unimplemented 
feature message from the code generator. 
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3.2 Qbject Code Naming Conventions 
Each successful HALls compila.tion produces several 
named control sections (CSECTs). The CSECT names are 
derived according to the following rules: 
a) HALlS compilation unit names are transferred 
to the emitted object code by using only the 
first six characters of the HALlS name. The 
name will be padded or truncated to six 
characters where necessary. 
b) Any occurrence of the underscore character { ) 
in the first six c.haracters of a PROGRAM, ,.... 
PROCEDURE, FUNCTION, TASK, or COMPOOL is 
eliminated. The resulting characters are 
joined together to produce the characteristic 
name of the compilation unit (e.g. ABC becomes 
ABC). Additional characters are placed on the 
front of the resultant name to form the final 
name for each of the individual situations in 
which the name is used. All CSECT llames therefore 
take the form: 
ccNNNNNN 
where the value of cc for individual cases is: 
PROGRAM $0 
TASKs $c c=(1-9, A-Z) 
COMSUBs #C 
Internal procs an a=(A ... Z), n=(O-9) 
DECLAREd data ·#D 
COMPOOL #P 
Process Directory Entries: #E 
Z-con to comsub #Z 
Remote data #R 
Exclusive data #X 
In addition to CSEC'I" s produced by the compiler, the 
HAL/S-FC system defines o·ther CSECT' s, some of which are 
referenced by compiler-emitted code. These CSECT types 
and their naming conven·tions are: 
Z-con to library routine: #Q 
Data for library routines: #L 
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3.3 Printed Data From Phase II 
under control of the LIST compiler option, Phase II 
will produce a formatted, mnemonic listing of the object 
code produced for the compilation unit. In addition to 
the assembler-type mnemonic instruction listing, a full 
hexadecimal listing of the emitted code is also produced. 
This object code listing is normally appended to 
the Phase I primary source listing as defined by the 
SYSPRINT DD card. However, use of the SDL compiler option 
in addition to the LIST option causes the object code 
listing to be produced through the OUTPUT7 DD card. The 
listing thus produced is compatible with the ABSLIST 
function of the AP-lOl Link Editor.. The HAL/SDL ICD contains 
the detailed description of the AESLIST format. 
3. 4 Sym,bo1 Table Augmen.!a tion 
Phase II inheri t.S an initialized symbol table from 
Phase I. In the course of generating code, Phase II makes 
additions to the symbol table which are inherited, in turn, 
by Phase III. These additions are generally in the area of 
data addressing. 
Information is added in tw.o of t.he symbol tables 
parallel arrays: 
e The SYT ADDR array is filled with data offset 
information indicating the relative location of 
data items within CSECTs. 
• The EXTENT array is filled with information 
about the size of the storage allocated to 
individual data i-terns. 
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3.5 statement Table Augmentation 
Phase III inherits, in a secondary storage device, 
the statement table produced by Phase I. If the ADDRS 
compiler option is in effect, Phase I leaves room in the 
statement taple for beginning and ending addresses of 
individual HALlS statements. This information is filled 
in by Phase II after the generation of the executable code 
has been performed. The completed statement table is then 
left for use by Phase III. 
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REPRODUCIBILITY OF 'l'HE 
OR1GINAL PAGE IS POOR 
4.0 PHASE III - SIMULATION DAT.A FILE GENERATION 
Phase III of the HAL/S-FC compiler has the primary 
function of providing Simulation Data Files (SDFs) for each 
unit of compilation. Phase III also produces user-oriented 
printouts upon special request. This se(~tion deals with the 
following Phase III functions: 
• SDF generation 
• Printed data 
4.1 SDF Generation 
Phase III synthesizes the SDF for a compilation unit 
from data received from previous Phases of the compiler. 
This data is primarily in two areas: a) The symbol table, 
created by Phase I and augmented by Phase II, and b) The 
statement table similarly created by Phase I and II. 
The detailed format of an SDF is controlled by the 
HAL/SOL Interface Control Document. The reader is referred 
there for details of SDF design beyond the overview presented 
in the next section. 
4.1.1 Overall SDF Design 
A Simulation Data File (SDF) is an organized and 
directoried collection of block, symbol, and statement data 
which is created by the HAL compiler from a single unit of 
compilation and stored in a permanent form for later use by 
simulation processors. 
There are basically three types of information contained 
in an SDF. These are: 
1) Symbol Data - contains the attributes of HAL symbols 
(labels and variables) such as name, caass and type, 
relative core address, number of bytes in core 
occupied, etc, Also contains arrayness and 
dimensionality for arrayed variables, template 
linkages for elements of structures, and cross-
reference information listing all statements within 
the compilation unit that may assign values to the 
symbol. 
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2) Statement Data - contains the attributes of HAL 
statements such as type, statement Reference 
Numbers (SRNs) if specified by the user, indices 
for all labels attached to each statement, and 
indicies for all variables which may be assigned 
values by that statement. Also may optionally 
contain the relative core addresses of the first 
and last executable instructions emitted for that 
statement. 
3) Block and Directory Data - contains information about 
each EAL block and the symbols and statements 
contained within that block, plus information concerning 
the layout and urganization of the SPF which minimizes 
the time needed to access desired data entries. 
An SDP is produced for all compilation units unless 
suppressed by the user (the TABLES/NOTABLES option). In 
the case of COMPOOL compilations, the SDF becomes somewhat 
simplified, having no executable statements and, consequently, 
no cross-reference data for its symbols. 
SDFs are created as members of Partitioned Data Sets 
(PDSs) and are assigned names of the form ##CCCCCC, where CCCCCC 
is the first six characters of the compilation unit name with 
any and all underscore characters removed. (Example: the 
SDFs for the compilation units SAMPLER and TEST SAMPLE would 
be assigned the names ##SAMPLE and ##TESTSA, respectively). The 
members are written in fixed record format with a block size 
and logical record length of 1680. 
The structure of the SDF will support three efficient 
types of access: 
1) Given the name of a symbol, and the name of the 
block in which it was declared, obtain the 
attributes of the symbol. 
2) Given a Statement Reference Number (SRN) , obtain 
the attributes of the statement. 
3) Given an Internal Statement Number (ISN}, obtain 
the attributes of the statement. 
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In access methods 1) and 2), the SOF directory plays 
a key role. When the symbol name and its block are given, 
the directory will identify which particular physical record 
of the SOF contains the corresponding fixed-length Symbol 
Node. Once this record has been read into core, a simple 
and fast binary search will locate the symbol node which 
in turn "points" directly to the attributes of the symbol 
which are contained within a variable-length Symbol Oata 
Cell. A virtually identical procedure can be used to locate 
statement data when the SRN is given, In this case, the fixed-
length nodes involed in the binary search are called statement 
Nodes, and their corresponding variable-length data cells are 
called Statement Oata Cells. 
In contrast to access methods 1) and 2}, which require 
directory help followed by binary searches, method 3) is 
direct. This is because there is a one-to-one correspondence 
between the ISN (compiler-generated Internal Statement Number) 
and the order of the Statement Nodes. The HAL/SOL ICO contains 
detailed descriptions of the SOF organization~ 
4.2 Phase III Printed Oata 
For each invocation of Phase III, a set of tabular 
data is printed. The information presented deals with 
parameters relating to the SOF produced, such as number 
of SOP pages, numbers of block, symbol, and statement nodes, 
etc. 
In addition to the information which is always printed, 
two optional printouts are available. Under control of the 
TABLST compiler option, the user may request that symbolic, 
structured dump of ;-the SOF be provided. In addition, under 
control of the TABOMP compiler option, the user may request 
that the contents of the SOF be displayed in a hexadecimal 
format, page by page. 
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5.0 RUN TIME LIBRARY 
5.1 Introduction 
REPRODUCIBILITY or l.'ill~ 
ORIGINAL P AGIn 1~ !:l\lUR 
, 
This section describes the HAL/s-FC runtime library 
as used to support the HALlS-Fe compiler. The material is 
organized to present both general design concepts and 
detailed interface and algorithm information. Following 
an introductory discussion of general conventions used 
throughout the library, descriptions of the individual 
routines are grouped according to the basic type of 
the routine. Each group is introduced by a quick-reference 
chart containing basic interface data. 
5.2 Basics and Conventions 
5.2.1 Origin and Format 
The HAL/S-FC compiler comes supplied with a run time 
library. The library is a partitioned dataset (PDS) in IBM 
AP-IOl load module format. Eachi.primary member of the library 
was generated by assembling the identically named member of a 
source library consisting of stateme'nts written in AP-lOl Basic 
Assembler Language (BAL). Some source library members produce 
more than one entry point, in which case load module library 
ALIAS names are generated for each entry. A macro library 
was used to standardize frequently used sequences of source 
code. 
5.2.2 Purpose 
The run time library is used to supply routines, data 
qnd interfaces which are needed to execute a HALlS program or 
group of programs, which are not produced by the compiler's 
code generator. Most of the library consists of subroutines 
which are called from compiler generated code in a HAL state-
ment. 
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The library routines are divided into two groups: 
intrinsics and procedures. The main distinction is that 
procedure routines save the passed contents of all fixed 
point registers, while intrinsics do not. For this reason, 
a procedure can call another routine (e.g. vector (VVlOS3) 
magnitude calls SQRT) , but an intrinsic cannot. Intrinsics 
do not have a new stack level and therefore do not have·· any 
stack work areas. Because intrinSics do not save all passed 
contents of fixed point registers, they cannot restore them, 
and must not destroy any register contents that must be 
re·turned to the calling program. Expansions of the macros 
within intrinsics routines are diff.erent from the expansions 
within procedure routines. 
5.2.4 Register Conventions in Run Time Library Routines 
5.2.4.1 General Purpose Registers RO-R7. 
Rl-R3, R5-R7: 
R4 
RO 
Parameters 
free use; 
return address during calling 
and exiting intrinsics, otherwise 
free use; 
stack base; 
Intrinsics: any or all of Rl, 
R2, R3, R5, R6, R7 can be used 
for parameter passing. 
Procedures: any or all of R2, R4, 
R5, R6, R7 can be used for 
parameter passing. 
5.2.4.2 Floating Regi~ters FO-F6. 
FO-F4 
F6 (F7) 
Parameters 
free use; 
may be used only if saved and 
restored at entry and exit; 
depending on the individual routine, 
any or all of FO-F4 can be used for 
parameter passing. 
Only F6 is guaranteed constant across procedure calls. 
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5.2.4.3 Interface Conventions. 
In qddit~on to the parameter pa~sing conventions summarized 
in general form 'in theiprevious two sections and given in detail 
in the individual library routine descriptions, the compiler has 
information, d~fining the linkage conventions and register usage 
for each rO'utine. This section contains that information in a 
list fo:r;matted in four columns as follows: 
NAME 
CALL TYPE 
BANKO 
The primary 'or secondary entry 
point name. 
Either PROCEDURE or INTRINSIC to 
distinguish between routines which 
must be called via the SCAL instruc-
tion and those that must be called 
using BAL. 
YES indicates that the routine will 
always reside in Sector 0 of the GPC 
and may therefore always be called 
directly (no ZCON needed). NO indicates 
that the routine may reside in a sector 
other than 0 and must therefore be 
c2-;.led via a long indirect address 
constant (ZCON). 
Registers assumed to be modified 
A list of registers which the compiler 
assumes to be modified across a call 
to the routine. Any registers not 
listed may be assumed to remain unmod-
ified and therefore to maintain their 
previous contents. 
Any modifications to compiler or library should be made care-
fully so as to maintain this interface properly. 
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I NAME 
ACeS 
ASIN 
ACOSH 
ASINH 
AtANH 
8'10C 
CASPV 
Cllsp 
CASBPV 
CASiP 
CASRV 
CASB 
CASV 
CAS 
ClTV 
CIT 
CIN 
CINDEX 
CliP 
CLJS'l'V 
COUTP 
COUT 
CPAS 
C(llSP 
CPASB 
CPASBP 
efB 
CPSC 
CPBA 
eRJS.'IV 
CSttliPQ 
CS1DI 
CStD'P 
CPSL,D 
CPSLDf 
CSST 
CSS'r,!' 
epss~ 
CPSS'IE 
CS'IR 
CS'IRUC 
C'lea 
etcE 
C'IeD 
C'1eI 
eTCl 
CTCH 
Ctel 
C'Ieo 
e'IIlI'" Y 
DlCOS 
DASI II 
DlCOSH 
CALL TIPE 
PROCEDURE 
. PiOClDUBE 
PBOCEDU)U 
PROCEDURE 
PROCEDURE 
INT1UNSIC 
INTBINSIC 
ia.THINSIC 
,1liOCEPUBE 
! PJ~OCEDURE 
'FaOCEDURE 
U~OC,EDURE 
, INT BINSIC 
.lNTRINSIC 
INT RINSIC 
INTilNSIC 
EBOCEDuaE 
PROCEDURE 
PliOCEDURE 
J:lSOCEDURE 
PBOCEDURE 
PROCEDURE 
PROCEDURE 
,fIOCIDURE 
:PiOCEDURE 
'PROCEDURE 
INT lUNSlC 
INTIHNSIC 
,PBOCEDURE 
~iOCEDURE 
nOCEDURE 
PROCEDURE 
PBOCEDUB.E 
, aOCEDUSE 
, t:BOCEDURE 
FiOCEDURE 
i?BOCEDURE 
EiOCEDURE 
ilBOCEDURE 
IIBOCEDURE 
lNT alliSIC 
llBOCEDURE 
PBOCEDURE 
PiOCEDURE 
PBOCEIlURE 
PiOCEDURE 
nOCEDURE 
PROCEDURE 
FROCEDURE 
PROCEDURE 
PliOCEDURE 
RiOCEDUBE 
PROCEDUi! 
BANKO 
NC 
NO ' 
NC . 
NC 
NO 
NO' 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Ne 
NO 
NC 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
Ne 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
alO 
10 
REPli:ODUCffirr ,lTY np 'rHE 
ORIGn~AI~ FAt' "I' , 
lEGISTERS ASSUMED TO BE MODIFIED 
FO,F1,F2,F3,F4,F5 
FO,f1 t F2,F3,F4,F5 
FO,F1,f2,F3,F4,F5 
FO,Fl,F2,F3,F4,F5 
FO,F1,P2,F3,P4,F5 
kl,B2,H3,Hij,R5,R6,B7 
81,B2,B3,R4,B5,R6 
Bl,R2,83,a~,8s,B6 
NONE 
NONE 
NONE 
NONE 
81,B2,R3,R4,R5 
Bl,82,R3,84,R5 
81,82,83,84,85,86,87,FO,Fl 
Rl,R2,R3,R4,R5,R6,87,FO,F1 
NONE 
BS,FO,Fl,F2,F3,F4,F5 
FO,Fl 
FO,Fl 
NONE 
NON,! 
FO,Fl 
l"0,F1 
FO,Fl 
~'O,Fl 
R2,83,84,85,R6 
82 ,'~3, 114, RS ,86 
NONiE 
FO,F1 
Fa ,IF 1, F 2, F 3, F 4, F S 
R5,.FO,Pl 
RS,FO,P1 
B5,PO,Fl 
R5,FO,Fl 
R5 "Fa, F 1 
R5 ,!FO, F 1 
as ,if 0 , F1 
RS,EO,F1 
NONE 
R2,B3~B4,R5,R6 
HS,.PO,Fl 
FO,Fl,!2,~3,F4,F5 
FO,F1,F2,F3,F4,F5 
RS,rO,F1 
R5,FO,F1 
as,FO,F1 
RS,FO,F1 
85,10,Fl 
FO,F1 
FO,£1,F2,F3,F4,F5 
FO,Fl,P2,F3,F4,F5 
F.O,l1,P2,F3,P4,r5 
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DASINH PROCEDURE Ne FO,F1,F2,13,F4,F5 o DA'IANB PiOCEDUBE NC FO,Fl,F2 L ,3,F4,F5 LA'IAN2 PROCEDURE NO FO~Fl,F2,F3,F4,F5 DA'IAN PROCEDURE NO FO,F1,F2,F3,F4,F5 DEXP PROCEDURE NO FO,F1,F2,F3 DLeG PHOCEDURE NO FO,f1,F2,F3,F4,F5 D~AX INT lUNSIC NO R2,B4,R5,FO,Fl DMCVAL PROCEDURE Ne FO,11,F2,F3,F4,F5 DMIN IINTIUNSIC Ne H2,B4,R5,FO,F1 DMOD 'INTRINSIC NO R4,PO,F',F2~F3rF4,F5 l:FROL INT IUNSIC NO R2,R4,R5,F'O,Fl DPWHD fIWCEDURE NO FO,Fl,F2,F3,F4,F5 DPilRl PROCEDURE NO FO,F1,F2,F3 DP"RH PROCEDURE NO FO,F1,F2,F3 DSIN FROCEDUBE NO FO,F1,F2,F3~F4,F5 Decs PROCEDURE NO FO,Fl,Fi,Fj,F4,FS DSINH flWCEtUQE NC FO,Fl,F2,FJ,F4,F5 DCOSH PROCEDURE NO F 0 , F f, F 2 , F 3 , F 4 , F' 5 DSlD PROCEDUlU NO R5 : 
I 
.. DSQR'I PROCEDURE NO FO,Fl,P2,F3,F4,F5 L5ST flWCEDURE NO NONE DSUM INTRINSIC NO R2,R4,R5,FO,Fl tTAN PROCEDURE NC FO,Fl,F2,F3,F4,F5 DTANU I-ROCEDUBE NO FO,Fl,F2,F3,F4,F5 EA'IAN2 PROCEDURE NO FO,F1,F2,F3,F4,F5 A'IAN PlWCEDURE NC FO,F1,F2,F3,,4,F5 EMAX INT RINSle NO Ii 2 , R 4 ,.It 5, FO , F 1 EMIN INTRINSIC NO R2,B4,R5,FO,F1 El10D INT RINSle NO a4,FO,Fl,F2,F3,F4,F5 HiOD INTIUNSle NC R2,R4,B5,FO,Fl EPWRE PROCEDURE NO FO,F1,F2,F3,F4,FS Ei'WRI PROCEDURE NO FO,F1,F2,F3 EPWRH PROCEPUBE NO FO,F1,F2,F3 
.E.SUM INTIUNSIC NO R2,R4,RS,FO,F1 E-::CC .PHOCEDURE NO FO,~1,F2,EJ,F4,F5 D'ICL fhOCEDUI:lE NO FO,~1,F2,F3,F4,F5 EICH INTIUNSIC Y 1:5 H4, ~,5, FO, fl D'1011 INT~INS1C YES lt4,R5,FO,Fl EXP PI:iOCEDURE NO l"O,Fl,F2,F3 G'IBY'IE INTRINSIC NG R2,l'i4,H5,FO,F1 HIN f~OCEr:Ul{E NC FO,F1 lIN PROCEDURE NO FO,F1 EIN PROCEfiUt<E NO FO,F1 D1N tlHOCEDURh NC FO,F' BIN PROCEDURE NC FO,Fl IH!AX INl'lUNSIC NO R2,H4,R5,R6 HI'lIN INT BINSIC NC R2,R4,R_5,R6 H lo BO L INTRINSIC NO R2,R4,R5,R6 HSOM INTRINSIC NO R2,R4,R5,R6 Hi.i\X INTRINSIC N(; R2,R4,RS,R6 HIIN INTRINSIC NC R2,R4,RS,R6 IMOD INTEINSIC NO H2,~~,a5,R6,l{7 H~lOD INT BINSIC NO R2,R4,R5,R6,R7 reIN!'I PROCEDURE NO 
.FO,Fl HCUT FROCEDURE NO FO,Fl 
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QU'IE Ii 1 PROCEDURE FO,Fl RITIPRODUCIBILITY. OF, 'l'~~hi NO ORIGINAL PAGE IS P~)Oh, 
rOUT B1WCEDURE NO FO,F1 
EOUT PROCEDUHE NO FO,F1 
DOUT PHOCEDUliE .NO FO~Fl 
BOUT PROCEDURE NO FO,Fl 
SKIP J?ROCEDURE NO FO~F1 
LINE FROCEDURE NO FO,F1 
COLO liN PROCEDURE NO FO,F1 
'lAB FROCEDURE NO FO,F1 
PAGE PROCEDURE NO FOvF1 
IfROD INT RINSIC NO R2"R4,RS, R6 I'R7 
lPIiIRI .l!ROCEDUHE NC R5 
lPWRH PROCEDURE NO RS 
HPWRH PROCEDURE NO RS 
IREM INTRINSIC NO R2,R4,RS,R6,R7 
HIiEM INTRINSIC NO H2,R4,HS,R6,R7 
rSUM INTRINSIC NO 1.12"H4,RS,R6 
aoc l?ROCEDURE NO NONE 
HTCC PROCEJ:;URE NO NONE 
IrCD INTRINS].C YES R4,.HSJFO,F1 
nCE INTRINSIC YES R4,R5,FO,F1 
KTOC .INTRINSIC NO R1,B2,R3,R4,R5,R6,R7,FO,F1 
LOG PROG.EDURE NO FO,F1,F2,F3,F4,F5 
M!,;RDNf FROCEDURE NO NONE 
MMRSNf EBOCEDURE NO NONE 
M~WDNP PROCEDURE NO FO,F1 
MflWSNF PROCEDURE NO FO,F1 
MMODNP INTRINSIC NO R1,B3,B4 r RS,R6,R7,FO,F1 
f~MOS Nl? INTRINSIC NO R1 u R3,R4,RS,R6,R7,FO,Fl 
MM 1DN F INTRINSIC NO R1 u B2 3 R3,R4,R5,R6,R7,FO,Fl,F2,F3 " 
MM 1 S N P INT RINSIC NO Rl,B2,R3,R4,R5,R6,R7,PO,F1 
I1M1'fN.P INTRINSIC NO R1.R2,B3,R4,RS,R6,R7,FO,F1,F2,F3 
MM1wNP INTRINSIC NO R1,R2,R3,R4,R5,R6,R7,FO,F1,F2,F3 
MM11DN IN'l'RINSIC NO R1 q R2,R3,R4,R5,R6,R7,PO,F1,F2,F3 
MM 11 03 UTRINsrc NC R1 e B2,R4,R5,FO,Fl,F2,F3,F4,F5 
11M 11 SN TNTBINSIC NO R1,R2,R3,R4,RS,R6,R7,FO,F1 
11M11 S3 INT RINSIC NC R1,H2 g R4,R5,FO,F1,F2,F3 
11M 1..?DN PROCEDURE NC FO,F1,F2,F3,F4,FS 
MM12t3 PROCE.GURE NC FO,F1,F2,FJ,F4,FS 
H!'\'125N p;aOCE.lJURE NC FO,F1,F2,F3,F4,F5 
M!112S3 PROCEDURE NC FO,Fl,F2,F3,F4,F5 
r1 M 13 DN INTRINSIC NG R2,R4,R5,R6,FO,F1 
IHl13D3 INTRlNSIC NO R2,RI~,EO,F1 
tiM 13 SN INTRINSIC NO H2.B4,RS,R6,FO,F1 
111113S3 INTRINSIC NO R2,R4,FO,F1 
MM 14 DN PROCEiJU·HE NC FO,F1,F2,F3,F4,F5 
MM 14D3 PROCEDURE NO FO,F1,F2,F3,F4,FS 
MM14SN PROCEDURE NC FO,F1,F2,F3,F4,F5 
M M 14 53 PROCEDURE NO FO,F1,F2,P3,F4,FS 
MM 15 DN INTRINSIC NO B1,R4,B5,H6,R7,FO,Fl,F2,F3 
MM15 S N INTRINSIC NO R1,B4,R5,R6,R7,FO,F1,F2,F3 
11M 17D3 PROCEDURE NC FO,F1,F2,F3,F4,FS 
MM17DN PROCEtURE NO FO,F1,F2,F3,F4,F5 
MI'!1753 PBOCEDURE NO FO,F1,F2,F3,F4,F5 
MM17SN RBOCEDURE HCl FO,F1,F2,F3,F4,FS 
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0 MM6DN INTliINSIC NO R1,B2,R3,R4,R5,R6,R1,FO,F1,F2,F3,F4,F5 MM6D3 INTRiNSIC NO R1,R2,B3,R4,R5,H6;H1,FO,F1,F2,F],F4,F5 
I' l'!M6SN INTRINSIC NO R1,R2,R3,R4,R5,R6,R1,FO,Fl,F2,F3,F4,FS , I 
11 MM6S3 lNTJiINSIC NO Rl,R2;R3,R4,R5,R6,R1,FO,F1,F2,F3,F4,F5 
MRODNF FJWCEDURE NO FO,F1 
MilOSNP fBOCEDURE NO FO,Fl 
MR1DNI? FROCUHJRE NO FO,Il 
MR1SNP P,WCl!DURE NO FO,F1 
I 
FO,Fl ~R 1-'1' HE PROCEDURE NO 
MR1WNP HWCEDUBE NO FO,F1 
MS~H PROCELURE NO NON,E 
MSTRUC INTRINSIC NO Rl,R2,H4,R5,R6 
MVbDN INT RINS IC NO Rl,J2,R3,R4,R5,R6,R1,FO,P1,F2,F3,F4,F5 
I'lV6DJ INTRINSIC NO R1,R2,R3,R4,R5,R6,R1,FO,Fl,F2,F3 
;"1' ~V6S N INTRINSIC NO Rl,R2,R3~R4,R5,R6,B7,FO,Fl,F2,f3,F4,F5 
... ! MV6S3 INTRINSIC NO R1,R2,R3~R4,R5,R6,FO,F1,F2,F3 QSHAPQ PROC1DURE NO FO,F1 
HANDOM PROCEDURE NO FO,F1,F2,F3 
RANDG PROCEDURE NO FO,Fl,F2,F3 
HOUND INTRINSIC YES .H4,R5,FO,Fl 
E'IOl INTHINSIC YES R4,R5,FO,F1 
Tl'U}jC INTIHNSIC YES R4,R5,FO,F1 
FLOOB INl'iUNSIC YES R4,RS,FO,Fl 
CEIL INTIUNSIC YES R4,R5~FOdFl 
D'Il'U NC INTHINSIC YES R4,R5,FO f Fl 
DF.LOCl\ INTRINSIC YES R4,R5,FO,F1 
DCEll INTRINSIC YES R4,R5,FO,Fl 
DBGUND INTRINSIC YES R4,R5,FO,Fl 
D'IGI INTIUNSIC YES R4,R5,FO,fl 
SIN INTHINSIC Ne R1,R3,R~,FO,Fl,F2,F3,F4,F5 ~. 
CCS INT}HNSIC NC Rl,R3,R4,FO,Fl,F2,F3,F4 t F5i 
FROCEDUHE NC ; - I SINH FO,FljF2,F3,F4,FS . 
CCSH FROCEDURE NC FO,F1JF2,F3,F4,f5 . 
SQRT INTRINSIC NO Rl,R4~R5,R6,R7,FO,F~,F2,F3 
S'IBYTE INTRINSIC NC Rl,R4,RS,FO,Fl 
IAN PROCEDURE NC FO,F1,F2,F3,F4,F5 
'!ANH HWCEJ:URE NC FO,Fl~F2,F3,F4,FS ·il 
i .~ VMbDN INTIUNSIC NO Rl,B2,R3,R4,R5,R6,R7,FO,Fl,F2,F3,F4,FS i Vf'l6D3 INTRINSIC NL Rl,R2,R3,R4,R5,FO,F~,F2,F3,F4,F5 ~i VM6SN HlTRINSIC NO Rl,B2,R3,R4,R5,R6,R7,FO,Fl,F2,F3,F4,F5 
VM6S3 INTRINSIC NO R1,B2,R3,R4,R5,FO~t1~F2,F3 
.1 V06DN INT B INSIC NO Rl,B2,R3,R4,R5,R6,R1,FO,Fl,F4,F5 VC6D3 INTHINSIC NO Hl,R2,R3,R4,RS,B6,FO,F1 i V06SN INTRINSIC NU B1,~2,B3,R4,R5,R6,R1,FO,F',F4,FS VG6S3 INTIUNSIC NO R1,~2,R3,R4,R5,R6,FO,Fl ] VRODN PROCEDURE NO FO ,IF 1 
VBODNI? FROCEDURE NO FO,Fl 
VROSN PROCEDURE NC FO,F'· 
VBOSNf FlWCEDURE NC FO, F 1 . 
VR1DN HWCEDURE NO FO,Fl 
VB1DNf PROCEDURE NO FO,Fl 
VR1SN P1WCEDURE NC FO,F1 
VE1SNf PI<OCEDURE NC FO,Fl j 
V Ii IT N flWCEDUHE NC FO,Fl '" ., 
0 VR1TNP PBOCEDURE NO FO,},1 :~ ~ .~ 
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valWN Pl/OCEDURE NO FO,F1 
ValWNF PHOCEDURE NO FO,F1 ... '''~". 
VVODN INT BlNSIC NC R1'-B4,R5,~O,f1 ~ 
" VVODNP INTRINSIC NC R1,R4,R5,B7,FO,F1 
VVOSN INT .bINSlC NC R1,R4,R5,FO,F1 
V VOS Nil INT"RINSIC NO R1,R4,R5,R7,FO,F1 
V V1DN INTIUNSIC NO R1~R2,B4,R5#FOgF1 
VV1D3 INTRINSIC NO R1~R2,B4,FO,F1,F2,F3,F4,F5 
VV1D3F INT alNSIC llO R1,R2,R4,R5,86,R7,10,F1 
VV1DNP INTRINSIC NO R1 t B2,R4,R5,R6,B7,FO,F1 
VV1SN INT HINSIC NC R1,R2,R4,R5,FO,F1 
VV1S3 INTRINSIC NO R1,R2,R4,FO,F1,F2,F3,F4,F5 
VV1S3P INT lUNSIC NO R1,62,84,R5,86,R7,FO,F1 
VV1SNP INTIUNSIC NO R1,R2,R4,R5,R6,R7,FO,F1 
vV1TN INTBINSIC NO H1,R2,R4,R5,PO;F1 
r .. VV1T3 INTRINSIC NO R1,B2,R4,FO,F1,F2,F3,F4,F5 I 
VV1T3P INTRINSIC NO 81,R2,R4,R5,R6,R7,FO,F1 
VV1TNP I~TEINSIC NO R1,R2,R4,R5,R6,R7,PO,F1 
VV1WN INTIUNSIC NO Rl,R2,R4,R5,FO,F1 
vv1W3 INTRINSIC NO H1,R2,H4,FO,F1 
VV1w3p INTRINSIC NO H1,R2,R4,R5,R6,R7,FO,f1 
VV1WNI? INTfGNSIC NO R1,82,R4,B5,R6,R7,FO,F1 
VV10D3 PBOCEDUBE NO FO,F1~F2,F3,F4,F5 
VV10DN PROCEDURE Ne FO,F1,F2,F3,F4,F5 
VV9D3 fROCEDURE NO FO,F1,F2,F3,F4,F5 
VV9DN PROCEDURE Ne FO,F1,F2,F3,F4,F5 
VV10S3 PROCEDURFj NO FO,F1,F2,F3,F4,F5 
VV10SN .!?ROCEDURE NC FO,F1,F2,F3,F4,F5 
VV953 PROCEDURE NC FO,F1,F2,l3,F4,F5 
VV9SN PROCEDURE NC FO,F1,F2,F3#F4,F5 
" .-
VV2DN INTRINSIC NO R1,B2,R3,R4,R5,FO,Fl 
VV2D3 INT.JUNSle NO Hl,ll2,R3,R4,FO,Fl,F2,F3,F4,F5 
VV2SN INTRINSIC ~O R1,H2,R3,R4,R5,FO,Fl 
VVZS3 INTRINSIC NC Rl,R2,H3,R4,FO,F1,F2,F3,F4,F5 
VV3DN I NT RINSlC NO R1,R2,R3,R4,R5,FO,F1 
VV3D3 INTBINSIC NO Rl,R2,H3,R4,FO,F1 
VV3SN INT RINSlC NO R1,R2,B3,R4,R5,FO,F1 
VV3S3 INTRINSIC NO R1,R2,B3,R4,FO,F1,F2,F3,F4,F5 
VV4DN INTIHNSIC NO R1,R2,R4,R5,FO,F1,F2,F3 J VV4D3 INTi1!NSIC NO R1,H2,R4,Fu,F1,F2,F3 
VV4SN INTRINSIC NC Bl,R2,R4,R5,FO,F1,F2,F3 j VV4S3 INTBINSIC NO R1,R2,R4,FO wF1,F2,F3 VV5DN ,INTRINSIC !'iO R1,R2,R4,R5,FO,Fl~F2,F3 
VV5D3 INT1UNSIC NO R1,R2,R4,FO,F1,F2,F3,F4,F5 1 
VV5SN INTRINSIC NO R1,R2,B4,R5,FO,F1,F2,F3 j 
vv5S3 INTRINSIC NO H1,B2,B4,FO,F1,F2,F3 i VV6DN INTRINSIC NO R1,R2,R3,R4,RS,FO,F1,F2,F3 j VV6D3 INTRlNSIC NO R2,R3,R4,FO,F1,F2,F3 
1 VV6SN INTRINSIC NO R1,82,R3,R4,R5,FO,F1,F2,F3 VV6S3 INTRINSIC NO R2,83,R4,FO,F1,F2,F3 1 VV7DN INTIUNSIC NO R1,R2,R4;R5,FO,F1 ·1 
VV7D3 INTIUNSIC NC R1,B2,R4,FO,F1,F2,F3,F4,F5 i VV7SN INTRINSIC NO R1,B2,R4,R5,FO,F1 
VV7S3 .I'NTIUNSIC NO R1,R2,R4,FO,F1,F2,F3,F4,F5 1 vvaD3 INTiINSlC NO R1,R2,H3,R4,R5,FO,F1 
.I "" 
.1 
,,. , 
I 5-8 ,~ ~ 
\ INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
". .~ L~~:~;..;~:,:,.;~. _:",;. __ .-_' __ ~_. __ "_ .. _1;......:..:..~~:....-.• ..:..,~ ___ ..::.-____ .. ~:.:. __ • ___ .:.... _~..-:_ • ....;...:.._._~--:.....:: .. ~_~_~_.~_.~:..._ "~~ __ . _ .... _ , ... _- -.---.-~ ..• ---.----- ".-
" I , 
f "" 0" 
.-=--" 
VV8DN 
vveS3 
vv8SN 
VX6D3 
VX6S3 
XTOC 
O'IOC 
INTRINSIC 
INTRINSIC 
INTRINSIC 
INTBINSIC 
INT BINSIC 
INTBINSIC 
INT BINSIC 
~c 
NO 
NO 
NO 
NO 
NO 
NO 
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B1,R2,B3,R4,R5,FO,F1 
Bl,~2,R3,R4,R5,FO,F1 
al,R2,R3,B4,R5,FO,F1 
R1,B2,B3,R4,FO,F1,F2,F3,F4,F5 
B1.R2,R3,B4,FO,F1,F2,F3 
Rl,B2,B3,R4,R5,B6,R7,FO,f 1 
R1,B2,R3,R4,R5,R6,R7,FO,F1 
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5.2.5 Referencing Conventions 
5.2.5.1 CSEC~l Names. In order to comply with the CSECT 
naming standards described in the HAL/SOL lCD, all library 
code CSECTs begin with two alphabetic characters (A~Z)*. All 
library primary names and aliases are unique to 6 characters. 
Whenever a data CSECT is needed for a particular library 
module, it is give'n the CSECT name #Lnnnnnn, where nnnnnn 
is the first 6 characters of the primary entry name. 
5.2.5.2 ZCON's. For each primary entry point and alternate 
entry point in the runtime library, a member exists in a separat
e 
ZCON library. The members in the ZCON library contain address 
constants which refer to the actual entry points. Thus, for 
the library routine named SIN which has an entry point named 
COS; there are two members in the ZCON library named #QSIN and 
#QCOS. These #Q modules contain references to the respective 
entry points. The individual ZCONs in the ZCON library are 
created by assembly code like the following: 
#QSIN CSECT 
DC Z(SIN"X'E'} 
EXTRN SIN 
END 
Some library routines make reference to other library 
routines via the ACALL macro (see Section 5.2.6). The ACALL 
macro does not make reference via a ZCON as is done when 
compiler-emitted code references a library routine. Use of 
the ACALL macro for inter-library routine reference means 
that a referenced routine must be in the same machine sector 
as the referencing routine, or must be in sector zero. 
* Sector 0 routines are an exception: their CSECT names 
begin with #0. This is to conform to link editor conventions 
for routines which must reside in sector O. Sector 0 routines 
are identified in the list in Section 5.2.4.3 and in the boxed 
area of the individual library routine description. 
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5.2.6 Coding Structure 
The following outline represents the standard coding 
structure of all library members. 
I TITLE 
2 WORKAREA macro definition 
used only if addition stack storage was needed 
3 AMAIN 
4 * Comment card describing the function of the 
primary entry point 
5 INPUT 
6 OUTPUT 
7 body of executable code including use of WORK, 
AERROR, AEXIT macros where needed and alternate 
entry points defined using the AENTRY macro, 
function comment card, and INPUT and OUTPUT macros 
in the same manner as the primary entry point. 
8 DC constant area addressed via PC relative mode 
9 ADATA, followed by a DC constant area addressed via 
base and displacement mode. 
used only if constands need to be indexed 
10 ACLOSE 
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5.2.7 The Macro Library 
To standardize interface conventions, automate production 
of commonly used code sequences, and impose a structure to the 
runtime library, a series of macros are used. This section 
describes the function, use, and expansion of these macros. 
Lower case letters are used to indicate variable fields. Square 
brackets [ ] indicate optional fields, braces { } indicate a 
choice of required fields. Complete listings of all the macro 
source code is also included. 
• AMAIN 
name AMAIN 
Function: 
[
INTSIC 
ACALL 
SECTOR 
= {i:~ERNAL}] 
= YES 
= 0 
Defines "name" as the primary entry point of a routine. 
INTSIC=YES: 
Defines the routine (and any entry points) as an intrinsic. 
If the INTSIC operand is omitted, the routine iE defined as a 
procedure. 
INTSIC=INTERNAL: 
Defines an intrinsic which is called only by other routines 
in the library. At present, this is only GTBYTE and STBYTE. 
ACALL=YES: 
(Valid only for procedure routines.) Allows use of the ACALL 
macro within the routine (See ACALL description). 
SECTOR=O: 
Defines the routine (intrinsic or procedure) as a Sector 0 
routine .. 
Expansion: 
The macro first defines the primary entry "name" (the AMAIN 
label) as the CSECT name, unless SECTOR=O was specified. In the 
latter case, the CSECT name is generated by prefixing "name" with 
#0, and the pdmary entry "name" is defined using the DS and ENTRY 
statements. The options selected via the AMAIN operands are saved 
in global SETB variables for testing by the other macros. If 
either INTSrc option was selected, the macro ends. Otherwise, 
a procedure is being defined, so the STACK DSECT is generated. 
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The STACK DSECT consists of a standard 18 halfword area, 
including symbols for the saved copies of the fixed point 
register parameters (ARG2, ARG4, ARG5, ARG6, ARG7), fOllowed 
by the WORKAREA macro. The WORKAREA macro is the means by 
which additional storage beyond the standard stack of 18 
halfwords may be defined. If such storage is needed a local 
WORKAREA macro must have been defined earlier in the source 
which contains the appropriate DS assembler statements. These 
statements are thus incorporated as the remainder of the 
STACK DSECT. If additional storage is not needed, the local 
WORKAREA macro is not defined. As a result, the system WORKAREA 
macro is invoked, which does not define any storage, leaving 
the STACK DSECT at its standard length. The system WORKAREA 
macro also sets a global SETB variable, which is tested later 
by the AMAIN macro to determine if the stack is standard or 
augmented. The STACK DSECT is then terminated by resuming the 
original CSECT. The STACK DSECT is defined in this sequence 
so that the assembler will output the SYM records in the order 
expected by the link editor's stack size algorithm. A USING 
statement is generated to give addressibility to the stack area. 
Finally, the executable code of the entry prologue is generated. 
This consists of an NIST instruction to zero the 9th halfword 
of the new stack frame, establishing a null ON ERROR environ-
ment. In addition, if both ACALL=YES is specified and a local 
WORKAREA provided, the default stack size of 18 set up by the 
seAL microcode will be insufficient, so an IAL to set up the new 
stack size is generated. 
• AENTRY 
name AENTRY 
Function: 
Defines "name" as a secondary entry point. 
Expansion: 
"name" is externally defined using the OS and ENTRY statements. 
If the routine was defined as an intrinsic, the macro ends. other-
wise, the executable code of the entry prologue is generated i.n 
the same manner as the AMAIN macro. 
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• AEXIT 
AEXIT 
Function: 
Cause return of control from a procedure or intrinsic 
routine. 
CC; 
Used to pass a condition code back to the caller. It 
can be used only if OUTPUT CC was specified. (See OUTPUT 
macro. ) 
Valid for Intrinsics Only: 
CC=KEEP: 
Passes back the condition code as is. 
CC= (rx) : C) 
Passes back the condition code generated by a LR rx, rx. 
Valid for Precedures Only: 
CC=EQ.: 
Passes back an equal (B'OO') condition code. 
CC=NE: 
Passes back a not equal (B'll') condition code. 
Note: The CC= operand is used in the following 8 reutines: 
CPR, C.PRA, CTSR, CSTRUCT, VV8DN, VV8D3, VV8SN, and VV8S3. 
COND=code: 
Used to do a conditienal return, i.e. based on the current 
condition code. Valid for procedures only. "code" is either a 
number used as the mask on a BC opcode, or a letter or letter pair 
representing the mask in the extended BC mnemonic op codes. 
(E, Z, NE, NZ, H, 0, L, M, HE, LE, NL, NM, NU, NO). This 
operand may be used to impreve the efficiency 'Of seme reutines. 
If used, be sure valid executable code fellows it, se the fall 
threugh case is valid. 
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Expansion: 
The code generated by the AEXIT macro depends primarily on 
whether the routine is an intrinsic or procedure, and secondarily 
on what operands were supplied, and, in the case of intrinsics, 
what fixed point registers were used. The expansions for intrinsics 
and procedures are described separately. 
Intrinsics: 
If register(s) Rl and/or R3 have been defined (see 
INPUT, OUTPUT, and WORK macros), it is assumed they have 
been modified and must be rest.ored from the stack, since 
they are the addressing reginters for compiled code. This 
is done via the appropriate LH instruction(s), or IHL and 
SLL instructions if CC=KEEP was specified, since LH would 
destroy the existing condition code. If CC=(rx) was specified, 
a LR rX,rx is generated to set the condition code. Finally, 
a BCRE or BCR is generated to cause a return to the caller. 
A BCR is generated if SECTOR=O or INTSIC=INTERNAL was 
specified on the AMAIN macro. 
Procedures: 
If CC=EQ or CC=NE was specified, the condition code 
bits in the return PSW in the stack are zeroed or set via 
the ZB or SB instruction. Then, an SRET instruction is 
generated with a mask of 7 if the COND operand was omitted, 
or the appropriat.e mask if it was supplied. 
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• INPUT 
INPUT {
register spec 
NONE 
type comments} . 
Function: 
Defines input interface of primary or alternate entry 
point and symbolic names for the register(s). 
Register Spec: 
One of Rl, R2, R3, R4, RS, R6, R7, PO, Fl, F2, F3, F4, FS, 
F6, or F7. If there is no input (RANDOM, RANG only), code 
NONE. If there is more than one, use continuation lines for 
each subsequent one (see examples). 
Type Conunents: 
~ 
SCALAR 
MATRIX (3,3) 
MA'I'RIX (N, N) 
VECTOR (3) 
VECTOR(N) 
INTEGER(N) 
CHARACTER 
Examples: 
precision units 
SINGLE/DOUBLE RADIANS 
col. 
.j. 
16 col. 72 
.j. 
(1) INPUT FO SCALAR SINGLE RADIANS 
(2) INPUT R2, VECTOR(N) DOUBLE 
R3, VECTOR(N) DOUBLE 
RS INTEGER(N) SINGLE 
Note: Rl and R3 are illegal inputs for procedure routines, and 
R4 is illegal for intrinsic routines. 
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Expansion: 
For each register spec supplied, the macro checks for a 
valid register symbolic, or for the special case of NONE. 
If the symbolic register name has not been previously defined, 
an EQU statement is generated to define it. The macro also , 
tests for the illegal use of Rl or R3 for a procedure par~met::::-!:---,--.... -----.. -"_~ . ..:c.. 
and R4 for an intrinsic. A global arrayed SETB variable is r' 
set, which in conjunction with the AMAIN, AENTRY, and ACLOSE 
macros, will guarantee that an INPUT macro has been supplied 
for each entry point (see ACLOSE macro). 
• OUTPUT 
{
register spec 
OUTPUT NONE 
CC 
Function: 
type comments} 
Defines output interface of primary or alternate entry point. 
Operand form is identical to that of INPUT macro, with the 
addition of CC as a possibility. This indicates that the 
condition code is the output of the routine. If CC is specified, 
the CC= option of the AEXIT macro must be used. 
Expansion: 
Same as for INPUT macro, except for special processing for the 
CC operand. If CC is supplied, a global SETB variable is set which 
is tested by the AEXIT macro for consistency with its CC operand. 
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• WORK 
REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
I 
I 
1
_', _~~L ____ .~._____ Function: 
I • I -~~-"'=--... " ... ,.-----------
WORK {register spec} 
-------------.-----J 
~-~. I ' 
II 
I . 
I I 
'1 
.;~-
Defines work registers. 
Expansion: 
Similar to INPUT and OUTPUT, except that this macro is 
required only if additional register symbols need to be 
defined • 
• ABAL 
ABAL name 
Function: 
calls the intrinsic routine "name", valid only in a procedure 
routine. 
Expansion: 
Generates a BAL 4, name, and an EXTRN statement if "name" 
has not been previously defined. 
• ACALL 
ACALL name 
Function: 
Calls the procedure routine "name", valid only in a 
procedure routine defined with ACALL=YES option. 
Expansion: 
Generates an SCAL 0, name, and an EXTRN statement if "name" 
has not been previously defined. 
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• AERROR 
AERROR number 
Function: 
cause comment 
I ~ ~ 
t:;) 
Generates a send error SVC instruction to signal a run ~ i 
------____ t..~_~rro:_to_~he FCO~,__ ___________________ ~ i 
Number: 
'rhe error number. 
Cause Comment: 
, 
Brief description of the cause of the error~ 
Expansion: 
-------------- -ll ~ 
II 
\li i. 
II 
: . 
}1: 
This macro accumulates, in GBLA variables, all errors sent 
within one assembly. It also checks to see that the error 
number indicates as an argument to AERROR is less than a 
maxii..lUm value. The actual code emitted is an SVc in which the 
operand is the label of an SVC parameter list to be emitted by 
the ADATA or ACLOSE macro via the ERRPARMS macro. If any error 
is sent more than once in an assembly, AERROR insures that only 
one SVC parameter list for that error is used. 
~.:, ' . 
• ADATA 
ADATA 
Function: 
Defines the start of a separate data CSECT for indexable 
constant data. 
Expansion: 
A CSECT is created with the name #Lnnnnnn where nnnnnn is the 
first 6 characters of the primary CSECT name defined by the AMAIN 
macro. The ADATA macro ends leaving the data CSECT in effect so 
that any user-defined data following the macro call will be part 
of the data CSECT. The ERRPARMS macro is invoked so that any 
possible AERROR SVC parameter lists will appear before the indexed 
data. This is necessary so that the assembler will use the direct 
addressing mode instead of base and displacement. 
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• ACLOSE 
ACLOSE 
Function: 
Terminates the assembly. 
Expa-n-s~-' o-n:-----------·-------------------------------------._-------------
-----L'" 
The macro first invokes the ERRPARMS macro to create the 
AERROR SVC parameter lists. (See ERRPARMS macro.) It then 
checks via arrayed global SETB variables if INPUT and OUTPUT 
macros were supplied for each entry point. Finally, it generate
s 
an END assembler statement, terminating the assembly. 
• ERRPARMS 
ERRPARMS 
Function: 
Generates SVC parameter lists for the AERROR macro. 
Expansion: 
This macro is invoked by the ADATA and ACLOSE macro. It 
first tests a global SETB variable to see if it has already 
been invoked, in which case the macro does nothing. Otherwise, 
it generates a CSECT statement to define the data CSECT (FCOS 
parameter lists must reside in the data sector). The CSECT name 
is #:Lname, where "name" is the primary entry name. The paramet
er 
lists are generated by looping through arrayed global SETA variab
les 
in which the AERROR macro saved the unique error numbers. ERRPAR
MS 
is invoked by the ADATA macro because the parameter lists must b
e 
before any indexed data following the optional ADATA macro. It 
is invoked by the ACLOSE macro in case the ADATA macro is not use
d. 
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• WORKAREA 
WOR,KAREA 
Function: 
An automatically invoked, user-created macro used to define 
extensions of the stack area for temporary reentrant storage. 
The WORKAREA macro is invoked by the AMAIN macro in procedure 
routines. A system supplied default is invoked in the absence 
--------.--. ·~--·--of-a-u.se.r--created....macro . 
Expansion: 
The system WORKAREA macro merely sets a global SETB variable 
which is tested by the AMAIN macro to determine whether the system 
or user macro is being expanded. 
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• AMAIN 
MACliO 
&NAME AMAIN &INTSIC=NO,&ACALL=NO;&SECTOR= 
GBLA &ENICN'£ 
GBLB &CALLOK,&LIB,&NOEXTRA,&INTERN,&SECTO 
GBlC &CSECT,&NAMES(20) 
&CSECT' SETC' '&NAME' 
&ENTeNT SEU &ENTCNTt1 
&NAMES(&ENTCN1) SETC 'SNAME' 
*********** •• *******.************************************************** 
* 
* 
PRI~ARY ENTRY POINT 
'" 
'" '" * *'" * ... ** '" »< '" * * **. *,; * * '" *** * *** ****** ** '" *** * ** * **** '" ** * "'** ***** *** * ****** 
&CNAME SETC '&NAME' 
SCNAME 
&SECTO 
SeNAN! 
&NAME 
• REG' 
SCNAME 
.CC~M 
&LIB 
&!NTEBN 
STACK 
* 
ARG2 
ARG4 
ARG5 
ARG6 
AEG7 
'" 
AIP (' SSECTOR' EQ "). REG 
All' (. &SECTOR' NE '0 ') • BAD SECT 
SETC fiOI.-SNAME' 
SE'IB 1 
CSECT 
DS OH PRIMARY ENTRY POINT 
El1'IRY &NAI1E 
AGO .COMM 
ANOP 
CSECT 
ANOP 
SETB 
SETll 
AlF 
tSECT 
DS 
('&INTSIC' EQ 'NO') 
('SINTSICi EQ 'INTERNAL') 
(NO'! HIB). SPACE 
DS 
DS. 
CS 
DS 
r:s 
DS 
DS 
BS 
l:.ND 
18H 
F 
2F 
F 
F 
.p 
F 
F 
F 
CF STANDARD 
WORK AREA 
STANDARD STACK AREA DEFINITION 
PS\oI (LEFT HALF) 
RO,R1 
:a2 
II3 
E4 
R5 
R6 
R7 
STACK AREA 
STACKEND DS OF END OF CCll1BINED STACK AREA 
&CNA~E CSEC'I 
USING STACK,O ADDRESS STACK AREA 
&CALLCK SE'IB ('eACALL' EQ 'YES') 
All (&NOEXTRA OR NOT SCALLOK) .NIST 
rAt O,STACKEND-STACK SET STACK SIZE 
.NIST NIST 9 {O),O CLEAR ON ERROR INFO (LeL DATA PTR) 
.SPACE SPACl 
MEXH 
.BADSECT MNOTi 4,'ON1Y S~CTOR=O MAY B~ SPECIFIED' 
I1END 
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00000500 
CO C 00 600 
00000700 
00000800 
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0000141)0 
00001500 
00001600 
00001700 
00901800 
00001C)00 
00002000 
00C02100 
00002200 
00002300 
00002400 
00002500 
00C02600 
00002700 
00002800 
00002<)00 
00003000 
00003100 
00003200 
00003300 
0000341)0 
00003500 
00003600 
00003700 
00003800 
00003900 
00001+01)0 
00004100 
00('04200 
00C04300 
00C04400 
00004500 
00004600 
00004700 
00004800 
00004900 
00005000 
00005100 
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• AENTRY 
MACBC 
&NAHE AENTIiY 
GBLA &ENTCNT 
GBLE &CALLOK,&NOEXTRA,&LIB 
GBLC &IIAMES (20)' -
••• ********.***.* ••• ****************.*****.** ••• ****** •• ****.**.*.* •• ** 
• 
* SECONtAEY ENTRY POINT 
• 
*.* •• * •••• ** ••••• ************* ••••• * •••• ** ••• ******* •• *********.** •• **. 
~ENTeNT SETA &ENTCNT+' 
&NAMES(&ENTCN~) SETC 'SNAME' 
&NAME DS OH 
ENTRY 6NAME 
AIF (NOT &LIB). SPACE 
AIF (&NCEXTFA OR NOT &CALLOK) • !lIST 
IAL O,STACKEND-STACK SET STACK SIZE 
.NIST NIST 9(0),0 CLEAR ERBOR VECTOR POINTER 
• SPACE SPACE 
HEND 
• AEXIT 
MACRC 
SNAME AEXIT &ce=,&COND= 
GBLA &RET 
GELB &LIB,&CCTYPE,&INTERN,&SECTO 
LeLA &MASK 
&MASK SETA 7 
&RET SETA &~ET+1 
**** •• *.*RETURN TO CALLER**** •• **** •• * •••• *** •• * ••••• * •••••• ***** •• * ••• 
&NAME 
.OK' 
· * 
.OK2 
.LHS 
• SKIP3 
.SKIPl 
&R 
• LROK 
DS OH 
AIF ('&ec' EQ I, AND NOT SCCTYPE).OKl 
AIF (" sec' NE I, AND &CCTYPE) .OK' 
MNOTE 1, 'CONFLICTING CC OPERANDS IN OUTPUT AND AEXIT MACROS' 
AIE (&LIB) .LIB 
GENERATE EXIT SEQUENCE FOR INTR1NSICS 
AIF ("6COND' EQ ") .OK2 
MNOTE 4,'COND OPERAND INVALID FOR INTRINSIC' 
AlF ('&CC' EQ ") .LHS 
AlF ('6CC'(1,2) EQ ·(R').LHS 
ALE ('&CC' EQ 'KEEP') .IELS 
MNOTE 4, 'INVALID CC OPERAND FOR INTRINSIC' 
AIF (&INTERN).SKIPl 
AIF (NOT D'R3) .SKIP3 
LH 3,9(0) RESTORE LOCAL DATA BASE 
AIF (!WT D'Rl).SKIPl 
LH 1,5(0) RESTORE PROGRAM DATA BASE 
AIF ('6CC' EQ ") .BCRE 
SETC ' &eC( 1) , 
ALP ('SR' NE 'Rl' AND '&R' NE'Il3'j.LROK 
MNOT! 4,'INVAL1D REGISTER IN CC= OPERAND' 
LR &R,&R SET CONDITION CODE 
AGO .BCRE 
5-23 
00000100 
00000200 
00000300 
00000400 
00000500 
00000600 
00000700 
OOOOOROO 
00000900 
00001000 
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
OP001800 
00001900 
00002000 
00000100 
00000200 
00000 300 
00000400 
00000500 
000C0600 
00000700 
000e0800 
00000900 
00001000 
00001100 
00001200 
00001300 
,00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002100 
00002200 
00002300 
000024CO 
00002500 
00 C02 600 
00002700 
01) 002800 
00002900 
00003000 
00003100 
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• AEXIT (CONTINUED) 
• IHLS AIF 
AIF 
IHL 
SLL 
(SINTERN) .BCRE 
(NO,! D'a3) .SKIPE3 
R3,9(0) LOAD R3, 
&3,16 POSITION 
PRESERVING CC 
IN UPPER HALFWORD 
• SKIPR3 AIF (NCT D'R1). ECRE 
• BCIlE 
IHL 
SLL 
ANOP 
R1,5(0) LOAD R1, 
R1,16 POSITION 
AIF (SSECTO OR SINTERN).BCR 
PRESEaVING CC 
IN UPPER HALFWORD 
$RE'!&RET BCRE 7,4 RETURN TO CALLER 
.****~***.**.********************************************************** 
SPACE 
MEXH 
• BCR ANCI? 
$RET&BET Eca 7,4 RETURN TO CALLER 
*********************************************************************** 
.L.18 
.OK3 
.ZB 
.SB 
• MOCC 
&MASK 
SPACE 
MEXI'! 
AIF ('&CC' EQ .. OR '&COND' EQ ").OK3 
MNOTE 4, 'ce AND COND OPERANDS ARE MUTUALLY EXCLUSIVE' 
AIF (' SCC' EQ "). NOCC 
AIF ('gCC' EQ 'EQ') .Z'B 
ATF (q~CC' EO 'tlE'\.SB 
MNOTE 4, 'INVALID CC OPERAND FOR PROCEDURE ROUTINE' 
ZB 1 (0) ,X'COOO' SET PSW CC TO 00 (EQ) 
AGO • NOCC 
56 1 (0) , X ·COOO' SET PS~ CC TO 11 (LT (NE» 
AIF (T'SCOND NE '11') .CONDTST 
SETA SCONQ 
AGO • SRET 
.CONDTST AlP ('eCOND' EQ tll.SRET 
&~ASK SETA 1 
&MASK 
&MASK 
&MASK 
&MASK 
AIF 
&MASK 
AIP 
&MASK 
ALF (leCOND' EQ IH' OR IseOND' EQ '0 1 ) .SRET 
SEIA 2 
AIF ('SCOND- EQ 'L' OR '&COND' EQ 'MI) .SRET 
SE'fA 3 
AIF ('&COND' EQ INE' OR I&COND' EQ 'NZ').SRET 
SETA 4 
AIF ('SCOND' EQ 'E' OR 'SCOND' EQ 'Z') .SRET 
SETA 5 
('eCGND' EQ 'HE' OR 'f-CONDI EQ 'NL' OR '&COND' EQ 'Nf1') .SRET 
SETA 6 
('&CCND' EQ 'LE' OR '&COND' EQ 'NH' OR 'eCOND' EQ iNO') .SRET 
SETA 7 
MNOTE 4,IINVALID COND OPERAND' 
• SRET AliOP 
$RETSRET ShET SMASK,O RETURN TO CALLER 
****.*************************.***************************************~ 
SPACE 
MEND 
5-24 
00003200 
CO C 03 300 
00(03400 
00003500 
00003600 
00003700 
00003800 
COC03900 
, 00004000 
00004100 
00004200 
00004300 
00004400 
00004500 
00004600 
00C04700 
00004800 
00004900 
00005000 
00('05100 
00005200 
00005300 
OOOn'iflOn 
00005500 
00005600 
00('05700 
00005800 
00005900 
000C6000 
00006100 
00006200 
00006300 
00006400 
00006500 
00006600 
000067CO 
00006800 
00006 qQO 
00C07000 
000071('0 
00007200 
80007300 
00007400 
00007500 
00007600 
00007700 
00007800 
00007 gDO 
OOOGROOO 
00008100 
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• INPUT 
MACRO 
INPU! &X 
GBLA &ENTCNT 
GBLS &INPUT (20) ,&LIB 
AIF (N'6SYSLIST EQ O).EMPTY 
&INIlOT (SENTCN!) SETB 1 
&I 
&LAST 
.LOOP 
SR 
&N 
&R 
• NEXT 
&1 
• SPACE 
AIF ('SX' EQ 'NONE').SPACE 
SETA 1 
SETA N'6SYSLIST 
AIF (K'6SYSLIST(&I) NE 2).BADREG 
SETe 'SSYSLIST (&1) , 
AIF ('fiR'(1,1) NE 'F' AND ISR'Cl;1) HE'R').BADREG 
AIF ('SR' EQ 'EO') .BADBEG 
AlP (6LIB AND ('&R' EO 'Rl' OR 'SR' EO 'R3'».INVREGl 
AIF (NO! SLIB AND 'SR' EO 'R4').INVREG2 
AIF CD 'gR) • NEXT 
SE'!C 'SR'C2,1) 
EQU SN 
ANOP 
SETA & 1+1 
AlP (&1 LE SLAS~.LOOP 
SPACE 
MEXI'! 
.BADREG MHO'!E 4,' ILLEGAL REGISTER SPECIFICATION - &SYSLIS1'(&I) , 
AGO • NEXT 
.ZNVBEGl MNOTE 
AGO 
• INVEEG2 MN aTE 
• EMPTY 
AGO 
~lNOTE 
MEND 
4, 'fiR 
.NfXT 
INVALID INPUT FOR PROCEDURE ROUTINE' 
4. 'R4 INVALID INPOT FOR INTRINSIC' 
• NEXT 
4,'CPERAND REQUIRED' 
5-25 
00 OCO 1 00 
00000200 
00000300 
00000400 
00000500 
00000600 
00000700 
00000800 
0000') 900 
00001000 
00001100 
00('01200 
00001300 
00001400 
00001500 
00001600 
000C1700 
00001aoo 
00001c}00 
00002000 
00002100 
00002110 
00002200 
00002300 
00002400 
00002500 
00002600 
00002700 
00002800 
OOC 02 900 
00003000 
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REPRODUCIBILITY (W TIH; 
ORIGINAL PAGE 18 POOR 
• OUTPUT 
MACEC 
OU'I [l'~T & X 
GBLA' &EN'ICNT 
GBLB &OU'IPUT(20) ~&CCTYPE/&LIB 
AIF (N'ESYSLIST EQ 0) .EMPTY 
• &OUTPUT'(&EN'rCNT) SETB 1 I AIF ('&X' EQ 'NONE') .SPACE 
i&I SETA 1 ' 
, &LAST SETA N' ESYSLIST ' 
.LOOP AU (K'&SYSLIST(&I) NE 2).BADREG 
&R SETC '&5YSL1ST(&I) , 
, &N 
&R 
! • NEXT 
&1 
! • SPACE 
• BADREG 
• CCTY FE 
ECC'I'iPE 
.1NVhEG 1 
AIF ('ER' EQ 'CC') .CC'rYPE 
hIE ('&1\' (1,1) NE IF' 'AND ~&RI (1,1) NE IR') .BADREG 
AlP ('EE' EQ 'RO') .BADREG 
AlF (&LIB AND (IER' EQ 'all 01\ '&R' EQ IR3'».INVREG1 
AIF (NO'! &LIB AND 'SRi EQ 'R4').INVREG2 
AIF (D'ER).NEXT 
SETC '&R' (2,') 
EQU EN 
ANOP 
SETA &I+1 
AlE (&1 LE &LAST).LOOP 
SPACE 
MEXI'I MNOTE 4,' ILLEGAL REGIS'rER SPECIFICUION - &SYSLIST (&1) I 
AGO • NEXT 
ANOP 
sETB 
AGO • NEXT MNOT! ij,'&R INVALID OUTPUT POR PROCEDURE ROUTINE' 
AGO • NEXT 
.IN\fREG2 
MNO'!! ij,'R4 INVALID OUTPUT FOR INTRINSIC' 
AGe • NEXT 
.EIIPTY IINCTI 4,'CPERAND REQUIRED' 
MENt , 
5-26 
00000100 
00000200 
00CC0300 
ooooto 400 
00000500 
00000600 
00000700 
Of) oeo 800 
00000900 
00001000 
00001100 
00001200 
00001300 
OOOC11.100 
00001500 
00001600 
000017CO 
00C01800 
00001900 
000020(0 
00002100 
00002200 
00002210 
00002300 
000021.100 
00002500 
000C2600 
00(.'02700 
00002800 
00002900 
00003000 
00C03100 
00 C03 200 
00003300 
00003400 
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! () 
• WORK 
&1 
&LAST 
• LOCP 
&1\ 
MNOTE 
• TESTD 
&N 
&E 
• NEXT 
&1 
• SF ACE 
• BADREG 
MACEe 
WORK 
GELB 
AIF 
SETA 
SETA 
AIP 
SETC 
AI1 
AIF 
AIF 
, ***** AU 
SETC 
EQU 
ANOf 
SETA 
!If 
SPACE 
tlEXa 
tlNOTE 
AGO 
HENt 
&X 
&LIB,&NOEXTBA 
('&X' EO 'NONE') • SPACE 
1 < 
N'SSYSLIST 
(K'&SYSLIST(&I) NE 2).BADREG 
'&SYSLIST (SI) , 
('SR'(1,1) NE 'F' AND 'SB'(1,1) NE.'l\').BADREG 
('&R' EO 'RO') .BADREG 
('SR' NE 'F6') .TESTD 
WARNING: F6 MUST BE PRESERVED ACBOSS CALLS' 
(D' f,R) • NEXT 
'&R'(2,1) 
&N 
&1+' 
(&1 lE &lAST) .LOOP 
It,' ILLEGAL REGISTER SPECIFICATION - &SYSLIST (&1) , 
• NEXT 
• ABAL 
MACEO 
& NAME ABAL &P 
GBLB &LIB 
AIf (&L1B) .OK 
tlNOTE 4,'AEAL MACRO ILLEGAL FROM INTRINSIC' 
~IEXIT 
.OK AIF tD' &P) • SKIP 
UTliN &P 
• SKIP ANOP 
&NAHE BAL 4,&P CALL IN'TRINSle 
MEND 
5-27 
00000100 
00000200 
00000300 
00000400 
OOCOO 500 
00000600 
00000700 
ooe-OO 800 
00000900 
00001000 
00001100 
00001200 
00001300 
00001L1CO 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002100 
C0002200 
00002300 
00000100 
00000200 
000 CO 2 50 
00000 300 
00CO~400 
O{\(\OOSCC 
00000600 
00000700 
00000800 
00000900 
00001000 
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• ACALL 
MAcse 00000100 
&NAME ACALl &P 00000200 
GBLE &CALLOK 00000300 
AIF (&CALLOK).CALL 00000400 
I1NOTE 12,tACALL OPTION NOT 'SPECIFIED IN AMAIN OR INTSIC=YES SPXOOOO0500 
• 
ECIFIED' 
MEXI'I 
• CALL AIF (D·&P).SKIP 
EXTRN &P 
• SKIP INOP 
&NAME SCAl O,SE CALL PROCEDURE ROUTINE 
MEND 
AERROR 
MACRC 
&NAME AESHeR &NU~,&GROUP=4 
GULl &ERBCNT,&ERENUMS(10) ,&ERRGRPS(10) 
LelA &1 
AlP (&NU~ GT 62).BADNUM 
&1 SETA &ERRCNT 
• DUHOOP AIP {& I LE 0). NEWERR 
°AU (6 NUM EO &ERRNUMS (&1) AND &GROUP EQ &ERRGRPS (&1) ) • DUP 
&1 SETA &1-1 
AGO • DUHOOP 
". NEWERR bllOP 
&ERRCNT SETA &ERRCNT+1 
&1 SETA &ERRCNT 
&ERBNUMS(&I) SETA 6NUM 
CEERGRES(SI) SETA 6GROUP 
,DUP ANOE 
00000 fiOO 
0000:>700 
00000800 
00000900 
00001000 
00001100 
00001200 
*********ISSUE SEND ERROH SVc********* •• * •• *******.******.************* 
OOOOJ 100 
00000200 
COOO; 300 
OOOC04()0 
0000,)500 
00000600 
0000-)700 
00000800 
0000) 900 
00001000 
00001100 
00t;01200 , 
OOC0130C 
00001400 
C0001500 
0,)001600 
C0001700 
00001800 
00001900 
00002000 
00002100 
00002200 
&NAME SVC hERRORSI ISSUE SEND ERROR SVC 
*********SEND ERROE SVC RETURNS CONTROL FOR STANDARD FIXUP************* 
BEXIT 
.~ADNUM MNOTE 12,'ERROR NUMBER GREATER THAN 62' 
MEND 
• ADATA 
MACKO 
ADATA 
GBLC SCSECT 
*********DhTA CSECT*************************************************.** 
ERRPARM S 
&DCSECT SETC 'iL','6CSECT' (1,6) 
SDCSECT CSEC'I 
MEND 
5-28 
00000100 
00000200 
00CC0300 
00000 !.l00 
00000500 
00000600 
00000700 
oe000800 
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• ACLOSE 
MAChO 
ACLCSE 
GIlLA &EN'ICNT 
GBLB &INPUT (20) , £OUTPUT (20) 
GI:lLC SNAMES (20) 
ERRPARMS 
SET 1. 1 &I 
.LOOP AIF (&INPUT(&I».INOK MNOTE 1,'INPUT NOT SPECIFIED FOR &NAI1ES(&I)' 
.1NOK AIF (£OUTPUT(£I» .OUTOK 
MN01E 1,'OUTPUT NCT SPECIFIED FOR SNAMES(SI)' 
.OUTOK 
til 
AND£' 
SETA &1+1 
AIF (&1 LE SENTCNT).LOOP 
END 
MEND 
• ERRPARMS 
MACI\O 
ERRPARI1S 
GBLA SERRCNT,&ERRNUMS(10) ,&ERRGEPS(10) 
GBLB &DONE 
GBLC &CSlCT 
LCLA &1 
LCLC £S 
AlF (&DONE).MEND 
&DOME SETB 1 
LTCRG 
**·.****·.·.·.·*ERROR PARAMETER AaEA* •• *.**.*.*.*.*.**** •• *.* ••• * •••• ** 
AIF (SERHCNT EQ 0) • MOERROR 
&ECSECT SE'IC 'lfL','ECSECT' (1,6) 
&ECSECT eSEeT 
AIF 
&S SE'Ie 
• MSG MNC1E 
• LOCP ANOP 
&1 SETA 
SPACE 
MNO'rE 
SPACE 
I.ERROR&I DC 
DC 
AU 
AGO 
• NCEEIWR I1NO'IE 
.COHMON l.NOP 
(&EFRCNT EQ 1). MSG 
• S' 
'*** SCSECT SENDS THE FOLLC~ING ERRORSS' 
&1+1 
2 
I *** ERROR NUMBE~ &ERRNUMS (SI) IN GROUP &ERRGRPS (ta) , 
1 
H' 20' svc conE POR SEND ERROR 
'i (GEIlRGRPS (GI) .;<256tGERRNUMS (&1)) 8 BIT GROUI? AND NUMBER 
(&1 LT &ERRCNT) .LOOP 
• CCHHON 
'*** NO ERRORS SENT IN GCSECT' 
***.**.***.***.*END OF ERHOR ~ARAMETER AREA* ••••••• *.**** •••• * •••• ** ••• 
• MEND MEND 
5-29 
00000100 
CO 1200200 
0000300 
00000400 
00000500 
00000600 
00000700 
000008120 
000C0900 
00001COO 
00CO'100 
00001200 
00001300 
00001400 
00001500 
00001600 
00000100 
00000200 
00000300 
00000400 
00000 500 
00C00600 
00000700 
00000800 
00000 qOO 
00001000 
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
00001 BOO 
00001900 
00002000 
00002100 
00002200 
JO~02300 
00002400 
0(10025('0 
00 CQU,OO 
00002700 
00002800 
00002900 
00003000 
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• WORKAREA 
MAcae 
WORt<lBEA 
GBLB &tlCEXTBA 
&NOEXTBA SETB 1 
• NO ADDITIONAL STACK STORAGE hEQUIRED FOB THIS ROUTINE 
MEND 
5-30 
000001'00 
000'00200 
00000300 
00000400 
00000500 
00000600 
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5.3 Library Routine Descriptions 
This section contains descriptive material for all 
routines in the HAL/S-FC runtime library. The routines have 
been grouped into s€!Ven categories. The routines within each 
category are described in one subsection as ful~_ows: 
5.3.,1 Arithmetic 
5.3.2 Algebraic 
5.3.3 Vector/Matrix 
5.3.4 
5.3.5 
5.3.6 
5.3.7 
Character 
Array Functions 
Miscellaneous 
Remote Operations 
The documentation is based upon the "load module" as 
a basic unit. A load module is the entity created by a 
single invocation of the AP-I01 linkage editor. It has a 
primary membe.r name and may have up to 16 alias names. '1'he 
primary and alias names indicate entry points to the module. 
For each load module in the runtime library, and. LRD 
form will be found in the succeeding sectionR. The basic 
LRD form is shown in Figure 1. rrhe circled numbers in the 
figure are explained below. 
@- The boxed area of the form (<D - (j) below) contains 
information relating to qualities and att.ributes of 
the load module apart from any of its entry points. 
In the upper right portion of every routine or 
entry point description, the name of the primary 
entry point will be seen. This serves as a quick 
reference aid in locating the documentation for a 
load module. 
5-31 
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* 
0-
0-
(D-
@-
(5)-
@-
®-
Source Member Name - The name of the member in the assembler language source PDS of the library. This name is always the same as the primary 
entry point name. 
Size of Code Area - Each library module contains 
one code CSECT, regardless of the number of entry points. This number is the count of halfwords 
of code that would be used if the module were loaded. A module will be loaded if anyone of its entry points is referenced. 
Stack requirement - If a module is not an intrinsic (see ®), it will have a requirement for runtime 
stack space. The minimum required will be one 
standard stack frame (18 Hw). The number listed 
on the form indicates the module's total stack 
requirement. If the module is an intrinsic, zero 
will be indicated. Individual entry points in 
one module cannot have different stack requirements. Therefore, the stack requirement is an at:tribute 
of the module. 
Data CSECT size - If the module contains a #L CSECT, its size is indicated. Otherwise, a zero is indicated. This number shows the number of halfwords of data 
area that will be used if the module is loaded., 
Intrinsic/Library - The appropriate box is marked. Entry points in a module are either all intrinsic 
or all library, hence this is a quality of the 
module. Sector 0 routines are noted here. 
Other modules referenced - A list of other load 
modules referenced in EXTRN statements by this load module. If this module is loaded, the indicated modules will also be loaded. 
Entry point descriptions - Following the aggregate 
attributes of 'the module in 0-7 above, the descriptions of specific entry points follow. 
Primary Entry Name - The name of the code CSECT* in the module and the primary entry for the module in the library load module PDS. 
ENTRY label in the case of Sector 0 routines. 
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Function - A brief prose description of what this 
entry point does. 
Invoked By - Entry points may be referenced directly 
from compiler-emitted code, from other library modules, 
or both. The appropriate boxes are marked. If the 
upper box is marked, an example of a HAL/S construct 
which results in reference to the entry point is 
shown. If the lower box is marked, the names of 
other modules which refer to this entry point are 
listed. If any of the other modules listed here are 
loaded, this module will also be brought in. 
Execution Time - The time, in microseconds, needed 
to perform this entry point's function. These times 
are obtained from examinations of trace listings of 
simulations of the execution of the particular library 
routine or entry point on Version 11.3 of the GPC 
simulator in detailed timing mode. Times include times 
for referenced routines unless specifically stated. 
Input Arguments - The data that the entry point 
receives as input is listed. "Type" indicates the 
nature of the data (integer, scalar, etc.). 
"Precision", where applicable, is generally SP for 
single precision and DP for double precision. 
"How Passed" indicates the method of communication 
of the data. In the case of DP scalar arguments, 
this field may indicate the firs~ floating point 
register of an even/odd pair. "Units", when 
applicable, specifies the units presumed for an 
argument. 
Output Results - The data that is considered the 
"answer" from the entry point. The fields are 
used in the same way as in @ 
Errors Detected - If invocation of this entry point 
can result in a Send Error SVC being executed, the 
error #, cause, and standard fixup for all such 
errors are indicated. 
Comments - Any special behavior of this entry point 
or notes to users are entered here. 
AIg0rithm- The steps taken by the entry point to 
produce its results are shown. When appropriate, 
references are made to other entry point descrip-
tions for further documentation. 
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OltIGINAL PAGE IS POOR 
In addition to the basic LRD form of Figure 1, 
which documents module attributes and the primary entry 
point, an extension LRD form is us,ed to document additional 
alias entry points within a module. The extension LRD 
ii is shown in Figure 2. The circled numbers are explained 
below: 
~- The primary entry name of the module is displayed. 
Thi.s is the same,name as is displayed in the 
basic LRD form Q) to which this extension 
form is appended. 
@-
@-
Secondary Entry Name - The name of the secondary 
entry point being documented. 
The remainder of the extension form is identical 
to the pr~ary entry point description entries @ 
through ~ , and describe the function and inter-
face to this entry. 
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(Q) ~ __________ ~WD~m=~~ __ ma~~a-~ __________________ ~ ________________________ ~ 
0. 
-------
HA.L/S~·FC J"IBRARY ROUTINE DESCRIPTION 
® Source Membel; Ncunsg ________ ®Size of Code Area: Hw 
----------
® Stack Requirement: _~ ______ HW®Data CSECT Size: _________ ~ ______ Hw 
o Intrinsic 
(j) Other Library Modules Referenced: 
8 ENTRY POINT DESClUPTWNS 
Primary En'cry Name ~ 
Function: 
In.voked by: 
o Procedure 
o Compiler emi'cted code for HALlS construct of the form: 
o O,ther Li.brary J.'.lodules: 
@ Execution Time (microseconds): 
Input l~:('gu.ments: 
1'~ 
output Results: 
1':Ye.~ 
Errors Detected; 
Eirror'# 
@ Comments: 
@. Algorithm: 
Precision 
Precision 
------
Cause 
E'igure 1: Basic LRD Form 
How Passed 
How Passed 
Units 
units 
Fixup 
""-- .. - ... 
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CCCC ___ C_'c~';;; ___ ~ ~,~~c-~-~T.,.~~-- .. ----c.~[.r-m;." .. --",;C. 
, ""C.'-";~~"'-J.:.~--,_;m_""~",,,,,~.~~'._,::c~;;:".7.~G::';f,'r.:. ''":~"t.,_ . ..:...;:.:",~~ ""t-_~ ... f 
~ Secondary Entry Name: 
@ Function: 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form: 
[] Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision How Passed 
output Results: 
~ Precision How Passed 
Errors Detected: 
Error # Cause 
Comments: 
Algorithm: 
Figure 2: Extension LRD Form 
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The following table shows the routines which are assigned to each group. The table contains a list of primary and secondary entry points with each secondary indented under its primary entry. with each primary entry point, basic descriptive information is shown along with the sizes of the csects in the module and the module's stack requirement. A final entry shows the timing information for the entry point. Secondary entry points have only the descriptive information and the timing for the entry. In cases where the timing information is too involved to be listed in the space available, the notice "See LRD" indicates that the detailed write-up of the module (on an LRD form in the proper subsection) should be referenced. In all cases, information in the table is taken from the LRDs and further details on the routines' performance can be found in those detailed descriptions. 
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f; 
t ~-. ~ -
,1 
iI. 
ii, 
ENTRY FUNCTION 
DMOD MOD (D,D) 
DMDVAL MIDVAL(D,D,D) 
EMOD MOD(S,S) 
IMOD MOD(I,I) 
HMOD MOD (H,H) 
lREM REMAINDER (I, I) 
HREM REMAINDER(H,H} 
ROUND ROUND (S) 
CEIL CEILING(S) 
U1 
I DCEIL CEILING (D) w 
ro 
DFLOOR FLOOR (D) 
DROUND ROUND (D) 
DTOI S -+ I 
DTRUNC TRUNCATE (D) 
ETOI S -+ I 
FLOOR FLOOR(S) 
TRUNC TRUNCATE(S) 
, 
,. f 
ARITHMETIC ROUTINES (Section 5.3.1) 
FREC. CODE 
D 42 
D 20 
S 36 
I 20 
H 
I 14 
H 
I 84 
I 
I 
I 
I 
I 
I 
I 
I 
I 
DATA 
2 
0 
2 
2 
2 
2 
o~ ~~ ~es, ?g 
~O 
~~ O~ 
t;;)j-3 
_r<I 
t."'.l 0 
~l-=j 
o ~~ 
STACK 
0 
18 
0 
0 
0 
0 
TIME 
74.6 
41. 4 
46.6 
29.4 
29.4 
27.0 
27.0 
39.0 
See LRD 
See LRD 
See LRD 
33.8 
33.8 
28.6 
39.0 
See LRD 
31. 4 
I' ~ 
"';" ~ 
1 
I' f 
t j; 
I 
11 
i: 
~ I· 
t II ~ ~ 
~ 
" 
~ ~ ~ 
~ ~! 
~ 
1 
~ 
i j 
'j 
1 
~ 
i 
~ 
I 
~·l 
i 
'; 
.~ 
-1 
1 
~ 
~ 
~ j 
J 
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ENTRY FUNCTION 
-----
ACOS ARCCOS(S) 
ASIN ARCSIN(S) 
ACOSH ARCCOSH(S) 
ASINH ARCSINH(S) 
ATANH ARCTANH(S) 
DACOS ARCCOS (D) 
DASIN ARCSIN (D) 
DACOSH ARCCOSH(D) 
DASINH ARCSINH(D) 
DATANH ARC TANH (D) 
l.Tl DATAN2 ARCTAN 2 (D,D) I 
i, w DATAN ARCTAN(D} ~ \.0 
v DEXP EXP(D) ~ Dr.OG LOG (D) R !; 
" DPWRD D**D i DPWRI D**.I M 
I' DPWRH D**H 
" 
DSIN SIN (D) 
DCOS COS (D) ! 
DISNH SINH (D) r 
~ DCOSH COSH (D) 
r' 
SQRT(D) r DSQRT i i: 
DTAN TAN (D) 
DTANH TANH (D) 
~ ......... 
',~"'-.: 
,< 
, 
." ,
ALGEBRAIC ROUTINES 
PREC. CODE 
S 102 
S 
S 36 
S 64 
S 58 
D 150 
D 
D 42 
D 94 
D 90 
D 194 
D 
D 154 
D 140 
D 38 
D 40 
D 
D 102 
D 
D 130 
D 
D 70 
D 164 
D 94 
(Section 5.3.2) 
DATA STACK 
2 24 
2 20 
0 20 
2 18 
2 18 
2 22 
0 22 
2 18 
26 18 
66 18 
2 22 
4 22 
2 18 
62 20 
2 22 
2 26 
4 30 
0 22 
TIME 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
See LRD 
248.4 
237.3 
290.5 
282.2 
See LRD 
See LRD 
See LRD 
267.0 
261. 8 - 264.2 
See LRD 
422.6 
345.2 
302.2 
See LRD 
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ALGEBRAIC ROUTINES (CONTINUED) (Section 5.3.2) 
U1 
I 
"'" 0 
, 
! .. 
~ f 
ENTRY 
EATAN2 
ATAN 
EPWRE 
EPWRI 
EPWRH 
EXP 
IPWR1 
HPWRH 
IPWRH 
LOG 
SIN 
COS 
SINH 
COSH 
SQRT 
TAN 
TANH 
",' '~;~t-;, ,':';:.' '~~;~:istt"lif' 
FUNCTION 
ARCTAN2 (S, S) 
ARCTAN (S) 
S**S 
S**I 
S**H 
EXP (S) 
1**1 
H**H 
I**H 
LOG(S) 
SINeS) 
COS(S) 
SINH(S) 
COSH(S) 
SQRT (S) 
TAN (S) 
TANH (S) 
PREC. 
S 
S 
S 
S 
S 
S 
I 
H 
I 
S 
S 
S 
S 
S 
S 
S 
S 
CODE 
132 
~32 
38 
108 
46 
90 
70 
80 
48 
112 
56 
l 
:..-
';"~,.,,::.,. ... ""' ~ ,I"" ,.,........-., 
DATA STACK 
10 18 
4 22 
2 18 
2 18 
2 18 
2 18 
30 0 
2 18 
14 0 
4 20 
0 18 
'.,";,' 
TIME 
120.0 
116.5 
See LRD 
See LRD 
See LRD 
141.8 
See LRD 
See LRD 
See LRD 
140.5 
123.6 - 124.5 
122.1 - 123.1 
See LRD 
228.9 
88.3 
164.0 
See LRD 
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~ . VECTOR/rir~ TR IX ROUT I NES (Section S. 3. 3) 
[r 
~ 
h ENTRY FUNCTION SIZE PREC. CODE DATA , 
r 
I !'.lMODNP Scalar to Partitioned n,m D 12 0 Matrix Move 
t MMOSNP " 
n,m S 10 0 
WHDNP Partitioned Matrix Move n,m D 18 0 
~ MM1SNP " n,m S 16 0 , 
~ ~-:1HITNP " n,m D-S 16 0 ~ 
I MMIWNP " n,m S-D 18 0 I 
M.J'.16DN Matrix Multiply (m,n) , (n,l) D 42 0 
MM6D3 " (3,3),(3,3) D 32 0 
MM6SN " (m,n) , (n,l) S 40, 0 Ul 
I 
"'" MM6S3 " (3,3), (3,3) S 24 0 f-'
1'.lMI1DN Hatrix Transpose n,m D 16 0 
MMIID3 " 3,3 D 22 0 
MMllSN " m,n S 16 0 
MMllS3 " 3,3 S IS 0 
MM12DN Matrix Determinant n,n D ISO 0 
MM12D3 " 3,3 D 44 0 
MM12SN " n,n S 138 0 
MM12S3 " 3,3 S 26 0 
~n3DN Matrix Trace n,n D 10 0 
M.M.l3D3 " 3,3 D S 0 
MM13SN " n,n S 8 0 
MM13S3 ." 3,3 S 4 0 
;~.t',:"''''~~-,'"' :'"-:: '.'.'-,~~.-~ .':: 'l~~;~:;'~ 
r 
"-
STACK TUm 
0 6.8+n(4.0+8.0m) 
0 6.4+n(4.4+6.4m) 
0 lO.8+n(S.4+12.2m) 
0 10.8+n(S.4+9.4m) 
0 10.4+n(S.8+10.6) 
0 13. 6+n{S. 0+11. Om) 
0 22.2+m(10.8+l(21.2+27.n» 
0 671. 6 
0 22.2+m(10.S+l(20.2+1S.0n» 
0 409.6 
0 S.O+m(S.S+12.2n) 
0 93.6 
0 8.4+m(S.S+9.4n) 
0 . 71. S 
22 See LRD 
lS 229.6 
20 See LRD 
IS 116.0 
0 12.0+10.2n 
0 19.5 
0 8.S+6.2n 
0 9.S 
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VECTOR/f"iATRIX ROUTWES (CONTINUED) (Section 5.3.3) 
Jl 
n 
lJl 
I 
01'> 
tv 
ENTRY 
Mr,114DN 
MM14D3 
MM14SN 
MM14S3 
Mt415DN 
MM15SN 
MM17D3 
MM17DN 
MM17S3 
MM17SN 
MV6DN 
MV6D3 
MV6SN 
MV6S3 
VM6DN 
VM6D3 
VM65N 
VM6S3 
V06DN 
V06D3 
V06SN 
V06S3 
VVODN 
VVODNP 
tl, 
'I fI 
FG'"NCTION 
Matrix Inverse 
" 
" 
" 
Identity Hatrix 
" 
Ha trix to a Power 
" 
" 
" 
Matrix times Vector 
" 
" 
" 
Vector times Matrix 
" 
" 
" 
Vector Outer Product 
" 
" 
" 
Scalar to' Vector Move 
Scalar to Column Vector Move 
\! 
SIZE 
n/n 
3,3 
n/n 
3 / 3 
n,n 
n,n 
3,3 
n/n 
3 / 3 
n/n 
(min) ,n 
(3,3) ,3 
(min) ,n 
(3,3),3 
n, (n/m) 
3, (3,3) 
n , (n/m) 
3 , (3,3) 
n,m 
3,3 
n,m 
3,3 
n 
n 
PREC. 
I . I 
". 
D 
D 
S 
S 
D 
S 
D 
D 
S 
S 
D 
D 
S 
S 
D 
D 
S 
S 
.D 
D 
S 
S 
D 
D 
CODE 
258 
128 
242 
80 
18 
14 
86 
78 
24 
22 
18 
20 
26 
24 
22 
16 
20 
22 
20 
20 
6 
6 
DATA STACK 
2 20 
2 18 
2 20 
2 18 
0 0 
0 0 
0 20 
0 20 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
TIME 
2 3 63.0+129.5n+43.0n +65.4n 
795.4 
2 . 3 52.0+39.2n+l0.5n +54.6n 
458.8 
15.6+5. On+l1. 2n :2 
10.0+5.2n+9.6n 2 
See LRD 
See LRD 
See LRD 
See LRD 
12,. O+m (19.3+26. On) 
304.4 
11.2+m(II.0+18.4n) 
137.6 
23.2+m(23.2+27.6n) 
227.8 
12.4+m(19.2+18.2n) 
141.2 
12.8+n(5.8+24.4m) 
251. 0 
14.2+n(5.8+14.4m) 
160.6 
7.0+5.1n 
7.0+7.2n 
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i ~:: VECTOR/MATRIX ROUTINES (CONTINUED) (Section 5.3.3) 
ENTRY F1:JNCTION SIZE PREe. CODE DATA STACK 
WOSN Scalar to Vector Move n S 6 0 0 
WOSNP Scalar to Column Vector Move n S 6 0 0 
W1DN Vector Move n D ,.8 0 0 
W1D3 " 3 D 14 0 0 
W1D3P Column Vector Move 3 D 18 0 0 
wlDNP " n D 
VV1SN vector Move n S 8 0 0 
W1S3 " 3 S 8 0 0 
t11 VV1S3P Column Vector _Move 14 I 3 S 0 0 
Ii'> 
UJ. WlSNP " n S 
wlTN vector Move n D-S 8 0 0 
W1T3 " 3 D-S 12 0 0 
WIT3P Column Vector Move 3 D-S 14 0 0 
W1TNP " n .D-S 
W1WN Vector Nove n S-D 10 0 0 
VVHB " 3 S-D 12 0 0 
W1W3P Colu~n Vector Move 3 S-D 18 0 0 
WIWNP " n S-D 
W2DN Vector Add/Matrix Add n D 14 0 0 
W2D3 Vector Add 3 D 22 0 0 
W2SN Vector Add/Matrix Add n S 10 0 0 
VV2S3 Vector Add 3 S 12 0 0 
W3DN Vector Subtract/Matrix Subtract n D 16 0 0 
~ 
TIME 
7.0+5.6n 
7.0+6.0n 
4.2+l0.2n 
25.2 
See LRD 
See LRD 
4.2+7.8n 
16 .• 8 
See LRD 
See LRD 
4.2+9.0n 
2l.2 
See ,LRD 
See LRD 
8.4+9.0n 
23.8 
See LRD 
See LRD 
8.8+20.6n 
51. 4 
8.2+13.6n 
29.6 
6.0+22.7n 
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VECTORn1ATRIX ROUTIHES 
E2.'rI'RY FUNC'l' I ON SIZE 
:\ W3D3 vector Subtract 3 
I W3SN vector Subtract/Matrix Subtract n VV3S3 vector subtract 3 
VV4DN vector or Matrix Times Scalar n 
VV4D3 vector Times Scalar 3 
VV4SN vector or Matrix Times Scalar n 
tl 
VV4S3 vector Times Scalar 3 
VV5DN vector or Matrix Divided by Scalar n 
1'1 
W5D3 Vector Divided by Scalar 3 
:1 
1:1 
VV5SN vector or Matrix Divided by Scalar n 
I: VV5S3 vector Divided by Scalar 3 Ii 
I' I! lJ1 VV6DN Vector Dot Product n 
H I ,f::>. ,f::>. W6D3 " 3 h ; 
r VV6SN II n ! . VV6S3 n 3 
~ VV7DN 
vector or Matrix Negate n 
VV7D3 Vector Negate 3 
Ii 
r VV7SN Vector or Matrix Negate n 
VV7S3 vector Negate 3 
VVSD3 Vector Compare 3 
VVSDN Vector or Matrix Compare n 
VVSS3 vector Compare 3 
VV8SN Vector or 'Matrix Compare n 
.:, 3), 
'l!' 'I' 
.1, 
D I 
(COI'n IfJUED) (Section 5.3.3) 
PHEC. CODE DATA STACK 
D 24 0 0 
S 10 0 0 
S 12 0 0 
D 8 0 0 
D 18 0 0 
S 8 0 0 
S 12 0 0 
D 16 2 0 
D 26 2 0 
S 14 2 0 
S IS 2 0 
D 12 0 0 
D 16 0 0 
S 12 0 0 
'S 10 0 0 
D 8 0 0 
D 18 0 0 
S 8 0 0 
S 12 0 0 
D 12 0 0 
D 
S 12 0 0 
S 
" 
'-*;-"" 
.-~-; .. ~~:;:~I;tU~b .l#:;;;;[''''· 
TIME 
55.4 
8.4+13.6n 
29.6 
7.0+23.4n 
68.4 
7.0+14.0n 
3S.4 
37.0+24.2n 
98.4 
7.2+18.0n 
50.6 
16.4+25.4n 
71.8 
15.2+16.8n 
41.8 
7.0+11. 4n 
32.4 
7.0+9.0n 
23.4 
See LHD 
S'ee LHD 
See LRD 
See LHD 
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VECTOR/NATRIX ROUTlr·lES (CONTIfJUED) (Section 5.3.3) 
ENTRY FUNCTION SIZE PREC. CODE DATA STF.CK 
TIME 
W10D3 unit vector 3 D 56 2 20 
402.7 
VV10DN " n D 
259.7+47.8n 
,lV9DN Vector Magnitude n D 
226.6+24.4n 
VV9D3 " 3 D 
300.2 
VV10S3 unit Vector 3 50 2 
, 
S 24 236.4 !oj ~~1 
VVIOSN " n S l30.6+32.8n 
! 
VV9Sl'! Vector Magnitude n S 
118.9+14.0n 
'j 
VV9S3 " 3 S 168.3 
) 
~ ;j 
VX6D3 
" 
j 
Vector Cross Product 3 D 36 0 0 137.6 j 
U1 J,. VX6S3 " 3 S 22 0 0 78.0 j 
U! 
J .~ 
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CHARACTER ROUT I i~ES (Section 5.3.4) 
ENTRY FUNCTION CQDE DATA STACK TIME 
CASPV Partitioned Assign to VAC 64 2 0 See LRD 
CASP Partitioned Assign See LRD 
J 
,1 
1 
CASV Assign to VAC 28 0 0 29.2 (n=O) i l 
See LRP ~ 
CAS Assign 32.0 (n=O) 
, 
(}] See LRD I'l I II'> 1 (j\ 
,1 CATV Catenate into VAC 76 0 0 See LRD .! 
CAT Catenate into Data See LRD j j 
CINDEX INDEX Function 52 0 18 See LRD j 
CLJSTV LJUST 40 2 18 See LRD l 
~ 
CPAS Assign to Partition 80 2 20 See LRD 1 
CPASP Partition Assign to Partition 16 0 146 See LRD 
CPR Compare (= or -.=) 46 0 0 See LRD 
CPRC Compare (all relations except See LRD 
= and -.=) 
f j CPRA Arrayed Compare 20 0 22 See LRD , 
• 
CRJSTV RJUST 46 2 18 See LRD 
CTRIMV TRIM 94 0 18 See LRD 
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ARRAY ROUTINES (Section 5.3.5) •. 
ENTRY FUNCTION PREC. CODE DATA STACK TIME 
DMAX MAX (DA) D 10 0 0 See LRD I 
DMIN MIN (DA) D 10 0 0 See'LRD t 1 
DPROD PROD (DA) D 14 0 0 See LRD J 1 
DSUM SUM (DA) D 6 0 0 7.2+11. 6n I ~ .. ~ 
EMAX Ml-\.X (SA) S 8 0 0 See LRD i 
EMIN MIN (SA) S 8 0 0 See LRD i i 
EPROD PROD (SA) S 10 0 0 See LRD I I 
~ a ~ 
,i,. ESUM SUM(SA) S 6 0 0 5.2+6.6n I ! 
~ J 
HMAX MAX (HA) H 8 0 0 See LRD l 
HMIN MIN (HA) H 8 0 0 See LRDi 1 
HPROD PROD (HA) H 12 0 0 See LRD 1 
HSUM SUM (HA) H 6 0 0 4.4+5. 4n 1 
IMAX MAX (IA) I 8 0 0 See LRD ~ 
IMIN MIN (IA) I 8 0 0 See LRD 11 
IPROD PROD (IA) I 22 0 0 See LRD ~ 
ISDM SDM(IA) I 6 0 0 4.4+S.4n J 
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U1 
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""-CD 
ENTRY 
BTOC 
CSHAPQ 
CSLD 
CSLDP 
CPSLD 
CPSLDP 
CSSTP 
CPSST 
CSST 
CPSSTP 
CSTRUC 
CTOB 
CTOE 
CTOD 
CTOI 
A .. 
"!If'''' 
CTOH 
CTOK 
MISCELLANEOUS ROUTINES (Section 5.3.6) 
FUNCTION 
Bit to Character Conversion 
Shaping Function 
SUBBIT Load of Character 
SUBBIT Load of Partitioned 
Character 
Partitioned SUBBIT Load of 
Character 
Partitioned SUBBIT Load of 
Partitioned Character 
SUBBIT Store to Partitioned 
Character 
Partitioned SUBBIT Store to 
Character 
SUBBIT store to Character 
Partitioned SUBBIT Store to 
Partitioned Character 
Structure Compare 
Character to Bit Conversion 
Character to SP Scalar Conversion 
Character to DP Scalar Conversion 
Character to DP Integer Conversion 
Character to SP Integer Conversion 
Character to Bit Conversion, DEC 
Radix 
f 
-.. --
t; 
CODE 
28 
'40 
246 
12 
32 
287 
104 
DATA 
0 
4 
4 
o 
2 
2 
2 
STACK 
0 
18 
22 
o 
18 
30 
20 
"~~:,<:,~"::.~ .. ~.:"'ft ,sioIIV .. /lMllal".. Qq. $14 $.4,4 -, 
TIME 
161.0 (16 bits) 
See LRD 
See LRD 
See LRD 
71.8 
See LRD 
See LRD 
114.4 
See LRD 
See LRD 
5.4+10.4n 
See LRD o~ ~~ See LRD clio 
See LRD :-::0 {'-' ::; ~d 
See LRD 0 
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f~ISCELLAr-IEOUS ROUTINES (CONTHJUED) (Section 5.3.6) 
ENTRY FlJNCTION CODE DATA STACK 
TIME 
----
CTOX Character to Bit Conversion, HEX 58 4 18 See LRD 
Radix 
C'l'OO Character to Bit Conversion, OCT 
See LRD 
Radix 
DSLD SDBBIT Load of DP Scalar 22 2 18 36.5 
DSST SUBBIT Store into DP Scalar 54 2 18 64 0 6 
ETOC SP Scalar to Character Conversion 278 64 20 336.9 
DTOC DP Scalar to Character Conversion 602.5 
ETOH SP Scalar to SP Integer Conversion 14 0 0 15.4 
DTOH DP Scalar to SP Integer Conversion 17.4 
GTBYTE Character Fetch 14 0 0 See LRD 
ITOC DP Integer to Character Conversion 104 0 28 254.6 
HTOC SP Integer to Charac·ter Conversion 18906 
ITOD DP Integer to DP Scalar Conversion 20 0 0 15.6 
ITOE DP Integer to SP Scalar Conversion 6 0 0 12.0 
KTOC Bit to Character Conversion, DEC 70 0 a 262.5 (16 bi 'ts) 
Radix 
MSTRUC Structure Move 8 0 0 4.2+9.4n 
QSHAPQ Shaping Functions 74 0 18 42.6+31. 8n 
RANDOI>1 Random Number Generator, Uniform Dist.46 2 18 54.4 
RANDG Random Number Generator, Gaussian Dist. 575.8 
STBYTE Character Store 22 0 0 See LRD 
XTOC Bit to Character Conversion, HEX 68 0 0 See LRD 
OTOC B" t ~adixt C " OCT See LRD It 0 C arac er onverslon, RadIX 
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REMOTE ROUTINES (CONTINUED) (Section 5.3.7) 
ENTRY FUNCTION SIZE PREC. CODE DATA STACK 
C. VECTOR AND MATRIX ROUTINES 
MRODNP Scalar to Partitioned n,m D 16 0 20 Matrix Move 
MROSNP 
" S 16 0 20 n,m 
\ I MRlDNP Partitioned Matrix Move 
n,m D 22 0 20 
MRISNP 
" S 22 0 22 u,m MRITNP 
" D-S 24 0 22 n,m MRlWNP " S-D 24 0 22 n,m VRODN Scalar to Vector Move n D 6 0 IB U1 I VRODNP Scalar to Column Vector n D 10 '0 
U1 
IB I--' Move 
VROSN Scalar to Vector Move n S 6 0 18 VROSNP Scalar to Column Vector n S 10 0 18 Move 
VRIDN Vector Move n D 8 0 IB 
VRIDNP Column Vector Move n D 20 0 IB 
VRISN Vector Move n S B 0 IB 
VRlSNP Column Vector Move n S 20 0 IB 
VRITN Vector Move n D-S 8 0 IB 
VRITNP Column Vector Move n D-S 20 0 IB 
VRIWN Vector Move n S-D 10 0 IB 
VRlWNP Column Vector Move n S-D 22 0 IB 
.; 
I .'---~~,::;;r~:'1,;:-,;,;~1~t;~ii~f..D.; ':;;:f~~:::';{~ ,;\; 
·\:-··-:;;~i~; ;:";;:;;,:;:v-
... . 
Cr 
TIME 
22.B+n(5.6+9.Bm) 
22. B+n f5 ~ 6+8. 6m) 
2B. 4+n (8.2+15. Om) 
2B.4+n{B.2+12.6m} 
31. 2+n (7.6+13. Bm) 
.32.B+n(B.2+15.Bm) 
16.4+9.2n 
21. 2+10. On 
16.4+B.On 
21. 2+B. Bn 
16.4+15.0n 
See LRD 
16.4+12.6n 
See LRD 
16.4+13.Bn 
See LRD 
20.6+13.8n 
See LRD 
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5.3.lArithmetic Routine Descriptions 
This subsection presents the detailed descriptions 
of a class of routines generally denoted as "Arithmetic". 
Appendix C of the HALlS Language Specification contains a 
list of HALlS functions which are implemented by the 
routines described here. 
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DMOD 
HAL/S-FC LIBRARY ROUTINE, DESCRIPTION 
Source Member Name: DMOD size ()f Code Area: __ 4_2 _____ Hw 
2 o Data CSECT Size: Hw 
----------------
Stack Requirement: Hw 
-------
g Intrinsic 0 Procedure 
Other Library Modules Referenced: None _________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DMOD 
Function: Calculates HAL/S MOD function in double precision. 
Invoked by: [i) Compiler emitted code for HAIJ/S construct of the form: 
MOD (A,B) , where at least one of A or B is a double precision scalar. 
[J Other Library Modules: 
Execution Time (microseconds): 74.6 
Input Arguments: 
~ 
Scalar 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
19 
Precision How Passed 
DP FO/Fl 
DP F2/F3 
Precision How Passed 
D1' FO/Fl 
Cause 
mod domain error when B=O, 
A < 0 
Fixup 
Return 1;. 
units 
units 
Comments: If one argument is several orders of magnitude ~reater than the 
other argument, the code sequence for A-<IB\*FJ~OOR(A/IBI) lo:;;es some bits 
of precision •.. it is P?Sjible to have the result of A(mod B) be greater than 
Algoritpm' IB . 
Use I B r . If B=O, then check A for a possible mod domain error. If A ~ 0, 
then return A. If A < 0, signal error and return negative A. If not equal, 
then use MOD(A,B) = 1I.-(\BI*FLOOR(A/\BI», First, get X :: A/IBI. If X = 0, 
then exit with result 0 (0 mod(B) = 0). The FLOOR(X) is different for 
negative and positjve X. If X < 0, round X down past next smaller negative 
integer by subtracting .9999999999999999. Then subtract' 
BIGNUM(X'4EBOOOOOOOOOOOOQ') to get rid of the decimal places and leave only 
an integer value. Add BIGNUM to normali~e the integer value. If X > 0, 
no rounding is done; BIGNUM is first added, then subtracted. 
For arguments that are orders of magnitude apart, it is necessary to 
check that the result is ~ IBI. If RESULT> la\, return IBI. 
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OMOD 
OMOO 
Comments (Cont'd.) 
Registers Unsafe ~cross Call: R4,FO,Fl,F2,F3,F4,F5. 
5-54 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138· (6tl) 661-1840 
1 
1 
·1 
J 
I 
I' 
f 
I 
R 
~MDVAL 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DMDVAL Size of Cgq~ Area: 20 Hw ----~---
Stack Requirement: 18 Hw Data CSECT Size: 
---=------
______ ~o __ Hw ' 
o Intrinsic fa Procedure 
Other Library Modules Referenced: __ N_o~.n_e ______________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DMDVAL 
Function: Finds mid value of three double precision scalar 
arguments. 
Invoked by: 
rna Compiler emitted code for HALlS construct of the form: 
MIDVAL(A,B,C) where A,B,C are double precision scalars. 
o Other Library Modules: 
Execution Time (microseconds) : 41. 4 
Input Arguments: 
~ Precision How Passed Units 
scalar DP FO 
scalar DP F2 
scalar DP F4 
output Results: 
~ Precision How Passed 
scalar DP, FO 
Errors Detected: 
Error # Cause 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: IF A = B THEN RETURN·A; 
IFA < B THEN DO; 
IF B <= C THEN RETURN H; 
ELSE IF A <= C THEN RETURN C; 
ELSE RETURN Ai 
END; 
ELSE DO; 
IF C <= B THEN RETURN Bi 
ELSE IF C <= A THEN RETURN C; 
ELSE RETUR.~ A; 
END; 
Fixup 
---
Units 
':c' 'r:lE 
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EMOP 
HALiS-FC LIBRARY ROUTINE DESCRIPTION 
EMOD Bize of-Code Area: Source Member Name: 36 Hw 
---=.::::-----
o Hw Data CSECT Size: 2 stack Requirement: 
-------------
[ID Intrinsic o Procedm;-e 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EMOD 
Function: Calculates HALiS MOD function in single precision. 
Invoked by; GU Compiler emitted code for HALiS construct of the form; 
MOD(A,B)/ where A and B are single precision scalars. 
[J Other Library Modules: 
Execution Time (microseconds): 46.6 
Input Arguments: 
~ 
Scalar 
Scalar 
output Results: 
~ 
Scalar 
Errors Detec'ted: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
FO 
F2 
How Pas$ed 
FO 
19 mod domain error when B=O,A<O. 
Comments: See DMOD. 
Fixup 
Return A 
Registers Unsafe Across Call: R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: See DMOD. 
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IMOD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: IMOD Size of Code Area: 20 If'" 
--...:;.;;:----
Stack Requirement: __ --:O;...-_--...:Hw Data CSECT Size: ____ -.:.:.? ___ Hw 
I!I Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: IMOD 
Function: Calculates A Mod (B). For A > 0, the mod can be defined as 
MOD=IBI-IA-(n+1) IBII where n is an integer and IA-(n+1) IBI] < 0 .:s.. [A-niBil. For 
A < 0, MOD=IBI-IA+(n-l) IBI I, where n is an integer and IA+(n-l) IBI] .:s.. 0 <IA+nIBI1. 
Invoked by: GU Compiler emitted code for HALlS construct of the form: 
MOD (A,B), A and B are both integers and at least A or B is a 
fullword integer value. 
o Other Library I·1odules: 
Execution Time (microseconds): 29.4 
Input Arguments: 
~ Integer 
Integer 
output Results: 
~ 
Integer 
Errors Detected: 
Precision 
DP 
DP 
Precision 
DP 
Cause 
How Passed 
R5 
R6 
How Passed 
R5 
Fixup 
Units 
Units 
Error # 
19 MOD not defined for first 
arg < 0 and second arg = O. 
Return f~rst argo 
Comments: 
Registers Unsafe Across Call: R2,R4,R5,R6,R7. 
Algorithm: 
Use IBI. If B=O, then check for possible error; if A ~ 0, tnen r.esult is A. 
If A < 0, error. For B :f 0, the mod is found using one of two formulae, 
depending on the value of A. For.A 2:. 0, MOD(A,B) = A-rIBI*(A/!BI>';. For 
A < 0, MOD(A,B) = A-IBI*(A/IBI)+IBI. For all values of A, the res'l'!; is 
always non-negative. 
For A > 0, MOD = REMAINDER(.~,}!,J. These equations are used because 
AP-IOI di~ision (scalar or integer) does not yield a remainder. 
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IMOD 
Secondary Entry Name: HMOD 
Function: performs HALls MOD (A,B) where both A and B are single 
precision integers. 
Invoked by: 
og Compiler emitted code for HALlS construct of the form: 
MOD(A,B), where A and B are both single precision integers. 
[] other library modules: 
Execution Time (microseconds): 29.4 
Input Arguments: 
~ 
Integer 
Integer 
output Results: 
~ 
Integer 
Errors Detected: 
Er::or # 
S cane as IMOD 
Comments: 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R5 
R6 
How Passed 
R5 
Registers Unsafe Across Call: R2,R4,RS,R6,R7. 
Algorithm: 
Same as IMOD 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: IREM Size of Code Area: ___ ~1~4~ _______ HW 
Data CSECT Size: 2 Stack Requirement: ____ O __ ..;Hw 
----------------
IiU Intrinsic o Procedure 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ___ I_REM ________ _ 
Function: Calculates integer remainder of (AlB). 
Invoked by: 
UU Compiler emitted code for HALlS construct of the form: 
REMAINDER(A/B), where A and B are both integers and at least one 
of A or B is double precision. 
[] Other Library Modules: 
Execution Time (microseconds): 27.0 
Input Arguments: 
~ Precision How Passed 
Integer DP} can be SP R5 Integer DP one R6 
output Results: 
.~ Precision How Passed 
Integer DP R5 
Errors Detected: 
Error # Cause Fixup 
----16 zero denominator (B) Return A 
conunents: 
Registers Unsafe Across Call: R2,R4,R5,R6,R7. 
Algorithm: 
If B=O, then error. For B ~ 0, the remainder is found using 
REMAINDER (A,B) = [A- B* (AlB) J. The result can be negative. 
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IREM 
Secondary Entry Name: HREM 
Function: 
Calculates integer remainder of A/B. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
REMAINDER(A,B), where A and B are both single precision integers. 
[] Other library modules: 
Execution Time (microseconds): 27.0 
Input Arguments: 
~ Precision How Passed Units 
Integer SP RS 
Integer SP R6 
output Results: 
~ Precision How Passed Units 
Integer SP . R5 
Errors Detected: 
Error # Cause Fixu12 
16 zero denomination (B) Return A 
comments: 
Registers Unsafe Across Call: R2,R4,RS,R6,R7. 
Algorithm: 
Same as IREM. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ROUND Size of Code Area: 84 Hw 
Stack Requirement: ___ ....;O~_....;HW Data CSECT Size: :2 Hw 
------------=----
mJ Intrinsic SECTOR 0 o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ROUND 
Function: Converts single precision scalar to fullword integer. 
Invoked by: Cd Compiler emitted code for HALls construct of the form: 
ROUND (X) where X is a single precision scalar. 
~ Other Library Modules: QSHAPQ 
Execution Time (microseconds): 39.0 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
DP 
How Passed 
FO 
How Passed 
R5 
Fixup 
Units 
Units 
15 
Cause 
Scalar to large for 
integer conversion. 
Set to max/min repr.esentable 
value: 
Comments: 
See DROUND. 
Algoritlun: 
Negmax = X'80000000' 
Posmax = X~7FFFFFFF\ 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Second register of a flcating point register pair is cleared 
then routine merges into the double precision float-to-fix 
routine>, DROUND. 
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ROUND 
Secondary Entry Name: _C_E __ IL ________ __ 
Function: Performs HALlS CEILING function: Returns smallest integer 
> the argument. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
CEILING (X) , where X is a single precision scalar. 
[] Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision 
Scalar SP 
output Results: 
3l.4 if X > 0 
40.8 if X :;: 0 
~ Precision 
Integer DP 
Errors Detected: 
Cause 
How Passed 
FO 
How Passed 
R5 
Fixup 
Return either: 
Units 
Units 
Error # 
15 Scalar too. large for 
integer conversion. Posmax X'7FFFFFFF' 
or Negmax = X'80000000' 
Comments: 
See DCEIL. Registers Unsafe Across Call: R4,R5,FO,Fl. 
Algorithm: 
Second register of floating point register pair is cleared, then 
routine merges with DCEIL. 
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ROUND 
Secondary Entry Name: DCEIJ!L; .. ·._ 
Function: Performs HALlS CEILING fun~tion: Finds the smallest integer 
~ the argument. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
CEILING(X), where X is a double precision scalar. 
D Other library modules: 
Execution Time (microseconds): 26.6 if X > 0 
36.0 if X < 0 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
15 
Precision 
DP 
Precision 
DP . 
Cause 
How Passed 
Fa, Fl 
How Passed 
R5 
Fixup 
Return either: 
Units 
comments: Negative args 
more posi ti ve. 
Posmax = X, 7FFFFFFF ' 
or Negmax = X'80000000' 
become less t:legative after CEILING;,' positive args 
a 6 
Scalar too large for 
integer conversion. 
Algorithm: 
-3 I -t -1 a 1 I 2 i (Cont'd. at bottom of 
( I I , , . ') page) CEILI~G (a) CEiLING (6) 
Same as DROUND~. except positive 'arguments are rounded up by almost 1. 
Negative arguments are not rounded. 
Comments: (Continued) 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
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Secondary Entry Name: DFLOOR 
Function: Performs HALlS FLOOR function: Finds the largest integer 
< the argument. 
Invoked by: 
Ii1 Compiler emitted code for HALlS construct of the form: 
FLOOR(X), where X is a double prec~s~on scalar. 
o Other library modules: 
Execution Time (microseconds). 27.0 1.f X' 0 
36.4 if X < 0 
Input Argtunents: 
~ 
Scalar 
OUtput Results: 
~ 
Integer 
Errors Detected: 
Error # 
15 
Precision 
UP 
Precision 
DP 
Cause 
How Passed 
E'O, Fl 
How Passed 
R5 
Fixup 
Return either: 
units 
Units 
Comments: 
positive. 
Scalar too large for 
integer conversion. 
~Tegative arguments become more negative, 
-3 al -2 -1 Q 1 2 S 3 + , " I I) 
Posmax ~ X'7FFFFFFF' 
or Negmax = X'80000000' 
positive arguments less 
(Cont'd. at bottom of page) 
Algorithm: 
~;ame as DROUND," except argument is rounded down by almost 1 
(X' 4Qlo'FFFFE'FFF'FFFFF') 1.f negative. Positive arguments are not 
rounded. 
Comments: (Cont' d. ) 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
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ROUND 
Secondary Entry Name: DROUND 
Function: 
Converts double precision scalar to fullword integer. 
Invoked by: 
Cd Compiler emitted code for HAL/S construct of the form: 
ROUND(X), where X is a double precision scalar. 
D other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
OUtput Results: 
~ 
Integer 
Errors Detected: 
Error # 
15 
Precision 
DP 
Precision 
DP 
33.8 
Cause 
Ho\" Passed 
FO, Fl 
How Passed 
R5 
Fixup 
Return either: 
Units 
Units 
Scalar too large for 
integer conversion. Posmax X '7FFFFFFF , 
or Negmax = X'80000000' 
Comments: 
Negative arguments are converted to the next more negative integer value; 
positive args to the next greater positive integer value, unless the (con't on 
Algorithm: bottom of page). 
The argument is checked for negative/not negative. If the argument is 
negative, the value is rounded down by subtracti.ng just under~. The resulting 
value is then checked against MAXNEG (X' C880000000f'FF'P'FF) . If within the 
legal range, the integer part of the scalar is shifted to the second register 
of the floating point register pair. This remaining integer value is then put 
in a fixed point register and complemented to leave it in the correct two's-
complement fixed point form. If the argument is not negative, the value is 
rounded up by adding almost ~, and the resulting value is compared to MAXPOS 
(X'487FFFFFFFFFFFFF). Then, as with negative values, it is shifted to leave 
the integer part in floating point format and loaded into a fixed point register. 
Comments (Con't): original argument is an integer (argument rounded up or 
down by not quite I before truncating decimal places) . 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
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ROUND 
Secondary Entry Name: DTOI 
Function: Converts double precision scalar to fullword integer. 
Invoked by: 
lliJ Compiler emitted code for HALlS construct of the form: 
I = Di where I is a double precision integer, and 
D is a double precision scalar. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Precision 
DP 
Precision 
DP 
33.8 
Hm'l Passed 
FO 
How Passed 
R5 
Error # Cause Fixup 
Units 
Units 
15 Scalar too large for integer conversion. Return either; 
Comments: DTOI is identical entrY'point to DROUND. 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Algorithm: Same asDROUND. 
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ROUND 
Secondary Entry Name: OTRUNC 
Function: Performs HALls TRUNCATE function: Finds the signed value that is 
the largest integer ~ absolute value of the argument. 
Invoked by: 
fiD Compiler emitted code for HALlS construct of the form: 
TRUNCATE(X), where X is a double precision scalar. 
[J Other library modules: 
Execution Time (microseconds): 28.6 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
15 
Precision 
OP 
Precision 
OP 
Cause 
How Passed 
FO, Fl 
How Passed 
R5 
Fixup 
Return either: 
Units 
Units 
Scalar too large for 
integer conversion. Posmax: X'7FFFFFFF' 
or Negmax: X'80000000' 
comments: After truncation, negative 
no rounding done before truncation. 
a 
-3 I -~ -t Algorithm: 
TRUNCATE (a) 
~nd positive arguments are closer to 0; 
o 
I 
1 2 [3 :3 
I t I+--+-
TRUNCATE ([3) 
(Continued at bottom 
of page) 
Same as OROUNO r. except argument is not rounded up or dO\~ll. 
Comments: (Continued) 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
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Secondary Entry Name: ETOI 
Function: Converts single precision scalar to fullword integer. 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form: 
I=S where I is a double precision integer, S is a single precision 
scalar. 
o Other library modules: 
Execution Time (microseconds): 39.0 
Input Argwnen ts : 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
15 
Precision 
SP 
Precision 
DP 
How Passed 
FO 
How Passed 
R5 
Fixup 
Return either: 
Units 
Units 
Cause 
Scalar too large for 
integer conversion. Posmax X'7FFFFFFF' 
Negrnax = X'80000000' 
Comments: 
ETOI is identical entry point to ROUND; also see DTOI 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Algorithm: 
Same as ROUND, 
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ROUND 
Secondary Entry Name: FLOOR 
Functi.on: Performs HALlS FLOOR function: Returns largest integer < 
the argument. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
FLOOR(X), where X is a single precision scalar. 
o other library modules: 
Execution Time (microseconds): 31.2 if X > 0 
40.6 if X < 0 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Precision 
SP 
Precision 
DP 
Cause 
How Passed 
FO 
How Passed 
R5 
FiXU& 
Returns el.er: 
Units 
Units 
Error # 
15 Scalar too large for 
integer conversion. POSIDax X'7FFFFFFF' 
or Negmax X'80000000' 
Comments: 
See DFLOOR 
Registers Unsafe Across Call: R4,R5,FO,FI. 
Algorithm: 
Second register of floating point reg~ster pair is cleared, then 
routine merges with DFLOOR. 
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ROUND 
Secondary Entry Name: TRUNC 
Function: Performs HALlS TRUNCATE function: Returns signed value that 
is the largest integer ~ absolute value of the argument .. 
Invoked by: 
[9 Compiler emitted code for HALlS construct of the form: 
TRUNCATE (X) where X is a single precision scalar. 
o Other library modules: 
Execution Time (microseconds): 31.4 
Input Argumen ts : 
~ Precision 
Scalar SP 
output Results: 
~ Precision 
Integer DP 
Errors Detected: 
Error # 
How Passed 
FO 
How Passed 
RS 
Fixup 
Return either: 
Units 
Units 
15 
Cause 
Scalar too large for 
integer conversion. Posmax = X'7FFFFFFF' 
or Negmax = X!80000000' 
Comments: 
See DTRUNC 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Algorithm: 
Second register of floating point register pair is cleared, then 
routine merges with DTRUNC. 
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5.3.2 Algebraic Routine Description 
This subsection presents the detailed descriptions 
of "Algebraic" routines as defined in Appendix C of the 
HALlS Language Specification. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ACOS Size of Code Area: 102 Hw 
--,,;;;.;;;.;;-.----
Stack Requirement: Data CSECT Size: 2 
o Intr.insic f!J PX'ocedure 
Other Library Modules Referenced: SQRT 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: :.ACOS 
Function: computes arc-cosine(x) of scalar argument. 
Invoked by: 
~ Compiler emitted code for ~AL/S construct of the form: 
ARCCOS (X), where X is a single precision s<:alar. 
[J Other Library Modules: 
Execution Time (microseconds): .5 < Ixi ~ 1: 225.5 
2.441406252 x 10-4 < Ixl<.5: 132.7 
Input Arguments: Ixi ~ 2.441406252 x 10-~: 71.5 
Type Precision How Passed 
Scalar SP FO 
output Results: 
Type 
Scalar 
Precision 
SP 
How Passed 
FO 
Errors Detected: 
Error # 
10 
COffil'1lents: 
Cause 
argument outside range -1 to 1. 
Registers Unsafe Across Call: FO,F1,F2,F3,F4,FS. 
Algorithm: ACOS eX) is computed as 1T/2 - ARCSIN (X) • 
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ACOS 
secondary Entry Name: ASIN 
Function: 
Computes arc-sine of scalar arg,ument. 
Invoked by: 
Ii] Compiler emitted code for HAL/::: construct of the f,orm: 
ARCSIN (X) , where X is a single precision scalar. 
[J Other library modules: 
Execution Time (microseconds): .5 < Ix!< 1: 227.6 
2.441406252 x 10-4<lxl ~.5: 118.4 
Ixl < 2.441406252 x 10-4 : 57.2 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
ll~ 
Comments" 
Precision 
SF 
Precision 
SP 
Cause 
lIo\,1 Passed 
FO 
How Passed 
FO 
argument outside leq::"L ~ange. 
Registers Unsafe Ac.coss Call: FO,Fl,F2,F3,F4,F5. 
Fixup 
Return 0,0 
Units 
Units 
radians 
Algoritlun: The value of :x ~s restricted to 0 < X ~ 1 by using the id!:'ntity 
arc c;in', '\) -arcsin (X), and further La 0 ~ X .::. .5 by the ldenti ty 
ar.csin ')0 -, 'IT/2 - 2 arcs ~n (~l-X \ In this range, arcs in (X) :.s CO;'1put",d 
2 ~. 
as " truncated continuer'l fractioll In X". multiplied by X. 
The iorm of ,-he approximation ~s: 3 d l x 
arCSl.Il (X) ..:; X + --=--2-
c l + x + d 2 
--'----
whel'e t,he values of the constants ,are: 
c l 
;: X'C13B446A' -3.7042025 
'~2 X' CllDB034 ' -1. 8555182 
d = X'C08143C7' -0.5049404 1 
'i X'Cl1406BF ' -1. 2516474 2 
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ACOSH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ACOSH Size of Code Area: __ ~3~6 __________ Hw 
Stack Requirement: __ ...;;2;.,;0:..-_..-.;HW Data CSECT Size: __ .::2 _________ Hw . 
o Intrinsic KJ Procedure 
Other Library Modules Referenced: LOG, SQRT 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ACOSH 
Function: 
Computes hyperbolic arc-c,osine in single precsion. 
Invoked by: 
~ Compiler. emitted code for HALlS construct of the fonn: 
ARCCOSH(x), where x is a single precision scalar. 
o Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision 
scalar SP 
output Results: 
~ Precision 
scalar SP 
Errors Detected: 
Error # 
59 
comments: 
1.6777722E+7 < X: 124.2 
1 < X < 1.6777722E+7: 297.3 
Cause 
ARG < 1 
How Passed 
FO 
How Passed 
FO 
Fixup 
Return 0.0 
Regis·ters Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Al:gorithm: 
Using the external SQRT and LOG functions: 
arccosh(x) = log(x + Vx2-1) 
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ASINH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source f.lember Name: Size of ICode Area: 64 Hw --~-----
20 Data CSECT Size: Stack Requirement; o Hw 
----------------
o Intdnsic E:J Procedure 
Other Library Modules Referenced: SQRT, LOG 
ENTRY POINT DESCRIP'I'IONS 
Primary Entry Name: ASINH 
Function: 
Computes hyperbolic arc-sine in single precision. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form; 
ARGSINH{X), where X is a scalar. 
[J Other Library Modules: 
Execution Time (microseconds): (See below) 
Inpu·t Arguments: 
~ Precision How Passed 
Scalar SP FO 
output Results: 
!~ Precision How Passed 
Scalar SP FO 
Errors Detected: 
Error # Cause 
none 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Using the external SQRT and LOG routines: 
arcsinh (X) log(X +~X2 '+ 1 ) 
Execution Time: 
IXI < 8.872175lE-4: 31.5 X > 1.6777722E7: 141.2 
8.8721751E-4 < Ixi < 2.1632855E-I: 85.4 
2.163255E-l <-Ixi <1.6777722E+7: 314.1 
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ATANH _ 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ATANH Size of Code Area: ___ S8 _____ Hw 
Stack Requirement: 18 Hw Data CSECT Size: ____________ ~2____ Hw 
o Intrinsic r&l Procedure 
Other Library Modules Referenced: LOG 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: , ___ A_T_AN_H ________ _ 
Function: 
computes hyperbolic arc-tangent in single precision. 
Invoked by: UU Compiler emitted code for HALlS construct of the form: 
ARCTANH(X), where X is a single precision scalar. 
[J other Library Modules: 
Execution Time (microseconds): Ixl < 4.ll3892E-S: 33.9 4.113892E-S < Ixl < 1.87SE-l: 8S.7 
1.875E-l < Ixl: 228.2 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
60 
Conunents: 
Precision How Passed 
SP FO 
Precision How Passed 
SP FO 
Cause Fixup 
argument outside range: Return 0.0 
-1 < X < 1 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,FS. 
Algorithm: 
Using the external LOG function, 
arctanh(S) = ~ log«l + X)/Cl - X». 
Error #60 is ,sent if 1 - X = 0, or if (J. + X)/(l - X) < O. 
Which I taken together, are equivalent to the requirement -i<: X < 1. 
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DACOS 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DACOS Size of Code Area: 150 
Stack Requirement: lEI Hw Data CSECT Size: 
o Intrinsic rn Procedure 
Other Library Modules Referenced: DSQRT 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DACOS 
Function: Computes ARCCOS(X) in double precision. 
Invoked by: no Compiler emitted code for HALlS construct of the form; 
ARCCOS (X) , where X is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 
Hw 
2 Hw 
Ixi < 3.7252907E-7: 89.1 
3.7252907E-7 < Ixi ~ .5: 263.1 
.5 < Ixl ~ 1: 460.5 (79.7 in odd cases) 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
10 
Comments: 
Precision How Passed 
DP FO 
Precision How Passed 
DP FO 
Cause 
argument outside range 
-1 < X < 1 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Computed as TI/2 - ARCSIN(X) 
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DACOS 
Secondary Entry Name: DASIN 
Function: 
computes ARCSIN(X) in double precision. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
ARCSIN(X), where X is a double precision scalar. 
o Other library modules: 
Execution Time (microseconds): Ixi . < 3.7252907E-7: 64.1 3.7252907E-7 < Ixi ~ .5: 238.1 
.5 < Ixi < 1: 470.3 (89.5 in odd cases) 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
· Errors Detected: 
Error # 
10 
Comments: 
Precision 
DF 
Precision 
DP 
Cause 
argument outside range 
-1 < X < L 
How Passed 
FO 
How Passed 
FO 
Fixup 
Return 0.0 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
units 
Units 
radians 
Algorithm: The value of X is restricted to 0 < X < 1 by using the identity 
and further to 0 < X < ~ 
arcsin (-X) = arcsin(X), 
by using the identity 
arcsin (X) =TI/2 -2 arcsi~l;X 
Within this range, arcsin (X) is computed as a truncated continued fraction 
in x2, multiplied by X. 
arcs:::x~O~x::3t/:,a:prOXima~~on is, 
~ C x2 + C + d
2 2 __ -=____________ __ 
x2 + C
3 
(Continued on next page) 
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DACOS 
DACOS 
Algorithm (Con't) 
where the values of the constants are: 
C1 X'3F180CD96B42A610' = .00587162904063511 
d1 X'C07FE600798CBF27, 
=-.49961647241138661 
C2 = X'C1470EC5E7C7075C' =-4.44110670602864049 
d 2 = X'C1489A752C6A6B54' =-4.53770940160639666 
C3 X'C13A5496A02A788D' 
=-3.64565146031194167 
d3 X'C06B411D9ED01722, =-.41896233680025977 
C4 X'C11BFB2E6EB617AA' =-1.74882357832528117 
d4 X'BF99119272C87E78' =-.03737027365107758 
Cs X 'Cl1323D9C96F1661 , =-1.19625261960154476 
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DACOSH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Wame: DACOSH Size of Code Area: ___ 4_2 ____ Hw 
Stack Requirement: Hw -----~ 
22 Data CSECT Size: ~ ________ 2 _______ Hw 
o Intrinsic Procedure 
Other Library Modules Referenced: DLOG, DSQRT ________________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DACOSH 
Function: Computes hyperbolic arc-cosine in double precision. 
Invoked by: 8Q Compiler emitted code for HALlS construct of the form; 
ARCCOSH(X), where X is a double precision scalar. 
[J Other Library Modules: 
Execution Time (microseconds): 1 < X < 6.7l08869E+7: 403.4 
6.7l08869E+7 < X: 332.4 
Input Arguments: 
~ 
scalar 
output Results: 
Type 
scalar 
Errors Detected: 
Error # 
59 
Comments: 
Precision 
DP 
Precision 
DP 
Cause 
argument < 1 
How Passed 
FO 
How Passed 
FO 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Using the external DSQRT anti DLOG functions: 
arccosh(x) = log(x + VX2-l) 
Fixup 
return 0.0 
Units 
Units 
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DASINH 
---
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DASINH Size of Code Area: 94 Hw 
Stack Requirement: ____ .=2.=2_-.:Hw Data CSECT Size: o Hw 
-----------------
o Intrinsic ~ Pl:ocedure 
Other Library Modules Referenced: DSQRT, DLOG 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DASINH 
Function: 
Computes hyperbolic arc-sine in double precision. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
ARCSINH{X), where X is a double precision scalar. 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
comments: 
Precision 
DP 
Precision 
DP 
(See below) . 
Cause 
How Passed 
FO 
How Passed 
FO 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Using the external DSQRT and DLOG function~ 
arcsinh{X) = log ex + ~x2 + 1) 
Execution Time: Ixl < 1.353860E-8: 33.6 
6.7108864E+7 ~ Ixl: 348.2 
1.353860E-8 < Ixl ~ 6.25E-2: 185.4 
6. 25E-02 < Ixi < 6.7108864E+7: 570.8 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DATANH Size of Code Area: 90 ~~____________ Hw 
Stack Requirement: 1S Hw Data CSECT Size: 2 Hw 
o Intrinsic I8J Procedure 
Other Library Modules Referenced: DLOG 
ENTRY POIN~' DESCRIPTIONS 
Primary Entry Name: DATANH 
Function: 
computes hyperbolic arc-tangent in double precision. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form; 
ARCT.ANH (X), where X is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision 
Scalar DP 
output Results: 
~ Precision 
Scalar DP 
Errors Detected: 
Ixi < l.0774559E-S: 42.6 
1.0774559E-8 < Ixi < 6.25E-2: 
6.25E-2 ~ Ixl~ 399.0 
How Passed 
FO 
How Passed 
FO 
IS6.6 
Error # 
------
60 
Cause 
Argument outside range: 
--1 < X < 1 
Fixup 
Return 0.0 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Using the external DLOG library function, 
arctanh (Xl = ~ lo.g «1 + X) I (I-X) ) • 
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DATAN2 
r~/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DATAN2 Size of Code Area: ____ ~1~94~ ______ HW 
Stack Requirement: 1.;;..8:-._....;HW Data CSECT Size: ___________ ·~2;6 ___ HW 
o Intrinsic I'[J Procedure 
Other Library J.1odu1es Referenced: None 
.. ------------~--~~~~--~~------~------------------~,'q~,-. -------------------------------' ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DATAN2 
Function: 
Invoked by: 
Compu·tes arctan by fraction approximation in the range (-,f, 'jf) 
in double precision. 
GJ Compiler emitted code for HAL/S construct of the form: 
z:..Rcr!~AN2 (X, Y) I where X and Yare double precision scalar corresponding 
to sine and eosin\? t:espectively of the intended arc tangent argument. 
o Other Library Mod~lli..!d: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar (sin) 
Scalar (cos) 
output Results: 
!XJ2!:.. 
Scalar 
Errors Detected: 
Precision 
DP 
DP 
Precision 
DP 
248.4 
How Passed Units 
FO 
F2 
How Passed Units 
FO Radians 
Fixup Error # 
62 
Cause 
arg I = arg 2 = 0 Return 0.0 
Comments: 
Regis·ters Unsafe Across Call: FO,FI,F2,F3,F4,FS. 
Algorithm: Same algorithm as EATAN2, but values of con~cants and the fractional 
approximation formula is different for the double precision, as follows. 
Again, Z = Special cases - (1) If cos x < o and Z < (16) -14, 
return ±TI. (2) sin x = DOS X = 0, signal error and return O. (3 ) sin x "f 0, 
cos x = 0, return ± TI/2. (4) sin xi' 0, cos x i' 0, but Z > (16) 14 , return 
± 'IT/2. (5) -7 If Z < (16) , return Z. 
(Continued on next page) 
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Algorithm (Con't) 
The fractional approximation after reduction of Z to ~ tan 15° is: 
-1 2 Tan (Z) = Z + Z • Z . F, where 
, ... > 
F Cl + C2/(Z2 + C3 + C4/[Z2 + C5 + (C6/(Z2 + C7»]). 
C1 = X'BF1E3IFF1784B965' (-0. 7371899082768562E-2) 
C2 = X'COACDB34COD1B35D' (-0.6752198191404210) 
C3 = X'412B7CE45AF5C165, (0. 2717991214096480E+1) 
C4 = X'CIIA8F923B178C78' (-0. 1660051565960002E+l) 
C5 = X'412AB4FD5D433FF6' (0.2669186939532663E+1) 
C6 = X'C02298BB68CFD869' (-0.1351430064094942) 
C7 = X'41154CEE8B7DCA99' (0. 1331282181443987E+l) 
As in EATAN2, the intermediate result is adjusted to the proper section 
in the first quadrant, as follows: 
(original) Z < tan 15° + + 0 
tan 15° < Z < 1 + rr/6 
l/Z ~ tan 15° + (-rr/2 + 1) then -1 (to preserve signif. bits) 
tan 15° < l/Z < 1 (-rr/3 + 1) then -1 (to preserve signif. bits) 
The resulting angle is adjusted to the proper quadrant as in EATAN2 (according 
to sign of sin x and cos x). 
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OATAN2 
Secondary Entry Name: OATAN 
Function: Computes arc tangent by fractional approximation in the range (-n/2, +n/2) in double precision. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
ARCTAN(X), where X is a double precision scalar. 
[] Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Scalar 
output Results: 
Type 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precision 
OP 
Precision 
OP 
237.3 
Cause 
How Passed 
PO 
How Passed 
FO 
Registers Unsafe Across Call: FO~Fl,F2,F3,F4,F5. 
Fixup 
Algorithm: Same as ARCTAN, but see OATAN2 for 9hanges in values of OP 
constants and TAN-l formula. 
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HAI,!S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DEXP Size of Code Area: 154 Hw ----~~--------
18 Data CSECT Size: . __ ~6~6~ ________ Hw Stack Requirement: Hw 
-----.......; 
o Intrinsic [] Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DE SCRIPT , ONS 
Pr~mary Entry Name~ DEXP 
Function 
X Computes e in double precis~on. 
1:nvoked by: Q CQmp~ler emitted code for HALlS construct of the fonn: 
EXP (X) r where X is a double precislon scalar. 
Gil Other Llbrary Modules: 
DPWRD , DSINH, DTANH 
Execution Time (microseconds): 290.5 
Input Argumen ts: 
~ Precision 
Scalar DP 
output Results; 
~ Precision 
Scalar DP 
Errors Detected: 
Error # 
How Passed 
FO 
How Passed 
E'O 
units 
Vnlts 
Fixup 
6 
Cause 
Argument outside range 
X < 174.6731 
Return maximum positive 
f:!..oating point number 
Conunents: 
Gives underflow if argument to small - no error number. 
Registers Unsafe Across Call: FO,Fl,F2,F3. 
Algorithm: ~irst1 decompose X as P'log2 + R', where P' is the integer 
part and first hexadecimaJ place of the result of dividing the high-order 
part of X by LOG2H, which lS a single precision approximation to 1092, 
rounded up. This is done In 80-bit preclsion in order to yield a true 56-bit 
value for R' I by expressing 10g2 = LOG2H + LOG2L 1 where LOG2L is a. double 
precision st.:'alar. R' has the same sign as X, and I R' I might be slightly> 
10g2 
16 
(Continued on next page) 
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Algori thm (Con' t) 
DEXP 
Now, if R' 
adding 1~ 
> _ 10g2 
> 0, subtract 1~g2 from it until it becomes ~ 0, each time 
to P'. If R' < - 10g2 , add 101
9
62 to it until it become13 16 
16 h
· b . 1 f ' eac tl.me su tractJ.ng 16' . rom P • 
At the end of this, we have 
X = P • 10g2 + RI P an integral multiple of 1/16, and - l~t~ < R ~ o. 
C Represent P as 4A - B - 16 ' where A, B, and C are integers, 0 < B < 3, 
o < C < 15. Then: 
- - C 
16 
. e R 
To calculate this, we compute eR with a polynomial approximation of 
the form: 
where the values of the constants are: 
c == x' 40FFFFFFFFFFE'CFC-' 
1 
c = 2 X' 407FFFFE'FFFAB64A I 
C3 X'402AAAAAA794AA99' 
c· -, X'3FAAAA9D6ACID734' 4 
c = 5 X'3F2220559AlSE158' 
.9999999999999892 
-
.4999999999951906 
= .1666666659481656 
.0416666173078875 
.00833161772003906 
c = X'3E591893' = .001359497 6 
C 
..,. 16 
Then, 2 is -B computed by table lookup, 2 by 
by adding A to the exponent of the answer. 
5-87 
shifting,rand 16A 
! 
f , 
I 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
, 
! i 
I 
I. 
1 t1 
1 , 
:1 
1 
~ 
j 
. ~ 
1 , 
, 
, 
. 
I 
,1 
I 
i 
.~ 
~ 1 ti .~ 
U , 
1 
f. 
I 
i 
II , 
i' 
, -' 
l; 
DLOG 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
DLOG Size of Code Area: 140 Hw --~------Source Member Name: 
22 HW Data CSECi' Siz~: 2 Stack Requirement: 
------
....-----
o Intrinsic !]I Procedure 
Other Lihrary Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
primary Entry Name: DLOG 
Function: 
computes log (X) in double precision. 
Invoked by: (i] Compiler emitted code for HALlS construct of the form: 
LOG(X), where X is a double p~ecision scalar. 
on Other Library Modules: 
DPWRD, DASINH, DATANH, PACQSH 
Execution Ti~e (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
ErrQrs Detected: 
~recision 
OP 
Precision 
DP 
282.2 
Cause 
~ Passed 
FO 
HO~~ 
FO 
FiXi.lP 
Hw 
Units 
~JL 
7 
Comments: 
argument outside range X > o. If X < 0 return log (Ix I) ; 
if x=o I return maximum 
negative floating Doint 
number. 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: We write X = l6P . 2-Q . M, where ~ S,M < 1, P, Q a,re integers; 
o .:::. Q .:::. 3. P, Q, and M arl~ found by fixed-point calculations. Define 
A ;; l, B = 0 I if M > ~/21 and A ;= ~, B == 1 otherwise. Let Z ;:: (M-A) I (M+A). T.hen 
log (X) ;; (4P~Q-B) log (2) +log «l+Z) I (l-Z) ) 
(Continued on next page) 
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DLOG 
log«l+Z)/(l-Z» is co~put~d by an 
W + c,W3 (1'2 + C2 + 
approximation of the form: 
C3 
where W == 2Z, and the values of the constants are: 
C1 = X'3DDABB6C9F18CGDD' = 0.2085992109128247E~3 
C = X'422FC604E13C20FE' = 0.4777351196020117E+2 
:2 
C3 = X'C38ESAIC55CEB1C4' = -0.2277631917769813E+4 
C4 '= X'C16F2A64DDFCCIFD' == -6.947850100648906 
C5 = X'C12A017578F548Dl' = -2.625356171124214 
C6 = X 'Cl.58FA4EOE40CQA5 , ::: -5.561109595943017 
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DPWRD 
l~/s-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DPWRD Size of Code Area: __ .,..;:;.38.--. ___ Hw 
Stack Requirement: 22 H , ___ ...;w Data CSECT Size: ,4 Hw 
_ ....... ....,.....------
o Intrinsic r¥I Procedure 
Other Library Modules Referenced: DLOG, DEXP, DSQRT 
ENTRY POINT DESCRIPTIONS 
Primary Entry Nam~: Dl?WF.D 
Function: 
Performs exponentiation of double precision scalar to double precision power. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form; 
X**Y/ where X and Y are scala~s and at least X or Yis double precision. 
[] Other Library Modules: 
Execution Time (micrOSeconds): If Y - .5: 239.4 
If Y ~ .5: 635.6 
Input Arguments: 
~ 
Scalar (base) 
Scalar (exponent) 
Output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
4 
24 
Comments: 
Precision 
DP 
DP 
Precision 
DP 
Cause 
base=Oi exponent < 0 
base < 0 
How Passed 
FO 
F2 
How Passed 
FO 
Fixup 
RetUrn 0,0 
USe /basel 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: o 5 If exponent = 0.5, compute x' as vx, otherwise 
x
Y 
= e
Y log X, using the external DEXP and DLOG functions. 
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DPWRI 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DPWRI Size of Code Area: 40 Hw 
----,."-----------
Stack Requirement: 18 Data CSECT Size: 2 Hw 
o Intrinsic 
Other Library Modules Referenced: 
!LNTRY POINT DESCRIPTIONS 
Primary Entry Name; 
Function: 
DPWRI 
--------
[!I Procedure 
None 
Exponentiation of a double precision scalar to a fullword integer power. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
X**I, where X is a double precision scalari I is .a double precision integer. 
[] Other Library Modules: 
Execution Time (microseconds): (See next page) 
Input Arguments: 
~ Scalar (base) 
P:r:ecision 
DP 
How Passed 
J!'O 
Integer (exponent) DP R6 
output Results: 
~ Scalar 
Errors Detected: 
E:r;ror # 
4 
Conunents: 
Precision 
DP 
Cause 
How passed 
FO 
Zero raised to power < 0 
Registers Unsafe Across Call: FO,Fl,F2,P3. 
Algorithm: If I is the ful1word exponent, D the base, write 
32 i 
I = r" 0 e, 2 ., where e
1
, = 0 or 1. 
1= 1 
Then: i 32 e,2 
= 'IT D 1 i=O 7T D e,=l 
1 
2i 
if any e~ = 
1 
(Continued on next page) 
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Return 0.0 
Units 
= 1 otherwise. 
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DPWRI 
Rlhlf'RODUCIBlLITY OF THE 
QRIGINAL PAGE IS POOR 
Execution Time (microseconds): 
If exponent ~ 0: 40.8 + (n-l) 23.2 + 13.0m 
If exponent ~ 0: 64.0 + (n-1) 23.2 + 13.0m 
OPWRI 
where m = number of l's in binary representation of lexponentl· 
n = number of si~nificant digits in binary representation 
of I exponent I • 
Algorithm (Can't) 
2i 
To compute IT D, it is only necessary to compute successively 
e.=l 
1. 
2i 2 4 8 
D = D, 0, D , D , 
2i 
•.• , and multiply the result by D whenever the i-th 
bit of the exponent is 1. This is determined by shifting bits one by one 
out of the exponent, and testing each one for a value of one. The loop 
terminates when the remaining part of the exponent is zero. 
Operations are done on absolute value of exponent. If e;Kponent was 
negative,. the reciprocal of the result is taken as the final result. 
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OPWRI 
secondary Entry Name: O)?WRH 
Function: 
Exponentiation of a double precision scala,r to a halfword inte.ger power. 
Invoked by: 
G1 Compiler emitted code for HALlS construct OlE the form: 
X**I, where X is a double precision scalar; I is a single precision integer. 
[J other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision 
Scalar (base) OP 
rnteger (exponent) sp 
output Results: 
Same as DPWRI except constants are 
exponent> 0: 41.4 
exponent < 0: 64.6 
How Passed 
FO 
R6 
~ Precision How Passed 
Scalar OJ;! FO 
~rrors Detected: 
Cause Fixup Error # 
4 Zero raised to power < 0 Return 0 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3. 
Algori th..'1l: 
fullword, 
The halfword exponent is shifted right to convert it to a 
then the OPWRI algoritr~ is used. 
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DSIN 
l~/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DSIN Size of Code Area: 
__ 1_0_2 _ --,..-_ Hw 
20 Hw Data CSECT Size: Hw stack Requirement: 
------------
-----
o Intrinsic li1 Procedure 
Other Library Modules Referenced: None
 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DSIN 
Function: 
Computes sine(X) in double precision. 
Invoked by: GJ Compiler emitted code for HALls construct of the form: 
SIN (X) , where X is a double precision scalar. 
(] Other Library Modules: 
Execution Time (microseconds): 267.0 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
8 
conunents: 
Precision 
DP 
Precision 
DP 
Cause 
Arli7ument outSIde range: Ix I < 7f. 250 
How Passed 
FO 
How Passed 
FO 
Fixup 
Return ~ 
'2 
Registers Unsafe Across Call: FO,E'1,F2,F3,I:"4,F5. 
Algorithm: Let Ixl . i == Q+R, where Q is an integer and R a fraction. 
Units 
radians 
Units 
Add 4 to Q if the sine is desired and X < 0, ahd add 2 to Q if the cosine 
i.s desired. 'If. 
Since sine-x) = sin{ +x), and cos (x) = sin~+x), this reduces the problem 
to computing sin (x) for X > O. 
(Continued on next page) 
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DSIN 
DSIN 
Algorithm (Con't) 
Since Q 'has been adjusted, it is only neceesary to compute sin (~(Q+R» • 
If Q'=Q mod 8, then this is equal to sin(i(Q'+R». The eight cases 
of this yei1d; through simple trigonometric identities: 
Q'=O : sin (x) sineR . 1!.) 4 
Q'=l: sin (x) cos «l-R) . lI:.) 4 
Q'=2: sin (x) = cos(R . !) 4 
Q'=3: sin (x) = sin «l-R) . 1!.) 4 
~ 
'i' Q'=4: sin (x) = -sin(~ . 1I) 4 
Q'=5: sin (x) = -cos «l-R) . E) 4 
Q'=6: sin (x) = -cos(R . 1I) 4 
Q'=7: sin (x) -sin«l-R) . 1I) 4 
Thus, if we let R'=R in octants 0, 2, 4, 6, and R'=l-R in octants 1, 3, 5, 7. 
We need only compute 
sin (R' • 2I.) 4 
in octants 0, 3, 4, 7, and cos(R' 7f . 4) in 1, 2, 5, 6, and take the negative 
value in octants 4, 5, 6, 7. 
sineR' • ~) and cos(R' • ~) are computed by polynomial approximations. 
The form of the polynomial approximation for sine is: 
sin(R' .~) = R' (Co + ClR' 2 + C2R,4 + C3R,6 + C4R,8 + C5R,10 + C6R,12) 
where the values of the constants are: 
Co = X'40C90FDAA22168C2' .78539816339744831 
c = X 'C014ABBCE625BE41 , = -.080745512188280536 1 
C2 =:: X'3EA335E33BAC3FBO' = 
2. 4903945701888438E-3 
C3 = X 'BD265A599C5CB632 , 
:::; 
-3. 6576204158913872E-5 
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Algorithm (Con't) 
REPRODUCIBIT ..... ITY OF THE 
OlUGINAL PAGI!} IS POOR 
C4 = X'3B541EOBF684B527' ~ 3.1336162254333759E-7 
Cs = X'B978COIC6BEF8CB3' = -1.757l5D0746935669E-9 
C6 = X'3778FCEOE5AD1685' = 6.8773605709403589E-12 
The form of the polynomial approximation for cosine is: 
DSIN 
2!:.) 2 4 6 8 10+ C •R,12+ C •R,14 cos(R' . 4 = 1 + C1R' + C2·K + C30K ~ C4 ·R' + CS'R' 6 7 
where the values of the constants are: 
C1 = X'C04EF4F326F9l777, = -.30842513753404242 
C2 = X' 3F40F07C20606AB1' = 1. 5854344243815420E-2 
C3 = X 'BE155D3C7E3C90F8 , = -3.2S99188692673765E-4 
C4 = X'3C3C3EAOD06ABC29' ~ 3. 5908604460279520E-6 
C5 = X'BA69B47BlE41AEF6' -2. 46ll364033652271E-8 
C6 = X'387E73l0450l7594' = 1.1500512028186245E-IO 
C7 = X'B66C992E84B6AA37, = -3.8581890061323055E-13 
5-96 
]NTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
. , 
1 
1 
J 
l 
~ 
~ i· 
OSIN 
Secondary Entry Name: OCOS 
Function: 
computes cosine(x) in double precision. 
Invoked by; 
~ Compiler emitted code for HALlS construct of the form: 
cos (X),where X is a double precision scalar. 
[] Other libra~y modules: 
Execution Time (microseconds): -IT < x < IT; 261.8 
Input Arguments: 
~ 
Scalar 
output Result;.;: 
~ 
Scalar 
Errors Detected: 
Error # 
8 
Precision 
OP 
Precision 
OP 
x > IT or x < -IT; 264.2 
How Passed 
FO 
How Passed 
FO 
Fixup Cause 
Argument outside range 
Ixi < 'Tf.250 Return rr-2 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
See DSIN algorithm. 
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DSINH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Na~e: DSINH Size of Code Area: _1;,;3::..:0~ ____ Hw 
Stack Requirement: ___ 2_2_.;;...-...;HW Data CSECT Size: ________ ~2~____ Hw 
o Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DSINH 
Function: 
Gel Procedure 
DEXP 
Computes hyperbolic sine in double precision. 
Invoked by: lliJ Compiler emitted code for HALlS construct of the form: 
SINH(X), where X is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
DP 
Precision 
DP 
8.81374E-l < lxl < 1.75366E+2: 434.1 
2.0630l7E-lO < xT < 8.81374E-Ol: 196.7 
lxl < 2.063017E-IO: 45.8 
How Passed 
FO . 
How Passed 
FO 
Fixup 
Units 
Units 
9 
Cause 
Argument outside range 
Ixl ~ :L75.366 
Return maximum positive 
floating point number. 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: If Ixl < 1.626459E~lO, then sinh(x) = x. If 1.626569E-10 < 
Ixl < .881374. Then sinh( x ) is computed via a pOlynomial approximation. 
The form of the polynomial is: 
where the values of the constants are: 
(Continued on next page) 
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DSINH 
Algorithm (con't) 
C1 X'402AAAAAAAAAAA4D' 
C2 = X'3F2222222222BACE' 
C3 X'3DDOODOOCB06A6F5' 
C4 = X'3C2E3BC881345D9l' 
C5 = X'3A6B96B8975A1636' 
C6 = X'38B2D4C1844l8A97' 
DSINlI 
0.1666666666666653 
0.8333333333367232E-2 
= 1. 984126981270711E-4 
= 2. 755733025610683E-6 
= 2.504995887597646E-8 
= 1.626459l7798l471E-10 
Otherwise, sinh( Ix I) or cosh (Ix I) is calculated using EXP. The nwnber 
V, equal to Q.'4995050';," is introduced to control rounding errors and 
the formula is as tollows: 
2 
sinh (x) = lee (x+logv) __ v ) 
2v (x+logv) e ., 
2 
cosh (x) = l(e(x+10gv)~ v ) 
2v (x+logv) 
e 
The identities sinh (-x) = -sinh(x) and cosh(-x) = cosh(x) are used 
to recover sinh(x) and cosh(x) from sinh(lx I) and cosh(lxl). 
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Secondary Entry Name: OCOSH 
Function: 
Computes hyperbolic cosine in double precision. 
Invok.ed by: 
fit) Compiler emitted code for HALlS construct of the form: 
COSH(X), where X is a double precision scalar. 
o Other library modules : 
Execution Time (microseconds): Ix1 ~ 1.7S366E+2: 422.6 
Input Argumen ts: 
~ 
Scalar 
OUtput Results: 
~ 
Scalar 
Errors Detected: 
Precision 
OP 
Precision 
OP 
How Passed 
FO 
How Passed 
FO 
Units 
Units 
Error # 
9 
Cause 
Arjument ou~ range lx ~,175.366 
. ~~-. ' .. Return max1mum pos1t1ve 
floating point number 
Comments: 
Registers Unsafe Across Call: FO,FI,F2,F3,F4,F5. 
Algor.ithnl: 
See DSINH algorithm. 
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O$QRT 
HALlS-Fe LIBRARY ROUTINE DESCRIPTION 
70 
___
_ ..;.D.;;S,.e.Q;.;.R;.;;..T Size of Code Area: Ow 
----....:...-----Source Member Name: 
26 Hw Pata CSECT Size: 
...,...-----' 
2 Hw 
------------
-----
stack Requirement: 
o Intrin!;ic GJ Procedure 
Other Library Modules Referenced: Non
e 
ENTRY POINT DESCRIPTIONS 
Prilnary Entry Name: DSQRT 
Function: 
Computes square root in double precision. 
Invoked by: 50 Compiler emitted code for HALlS construct of the form: 
SQRT(X), where X is a double precision scalar. 
[i] Other Library Modules: 
DACOS, DASINO, DPWRD, VVIOD3, DACOSO 
E:Kecution Time (microseconds): 345.2 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Precision 
DP 
precision 
DP 
Cause 
How Passed 
FO 
How Passed 
FO 
Units 
-
units 
Fixup. Error # 
5 Argument outside of range Ixl .::. 0 
Return sqrt ( Ix I) 
Comments: 
Registers Unsafe Across Call: FQ,Fl,F2,F3,F4,F5. 
Algorithm: Let X = 16
2P
+
Q 
• M, where P, Q are integers, Q = 0 or 1, and 
1 
16 < M < 1. 
Then rx::; 16P . 4Q • W 
= l6P+Q • VM*16-Q 
For a first approximation, we take 
(Continued on next page} 
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DSQRT 
Algorithm (Con't) 
where the values of the constants are~ 
A X'40385F07' = .22020005 
B X, 40423A2A' .25870006 
This calculation is carried out with the characteristic of A increased py 
8 and the others decreased by 8, in order to store the value of 
fot' later use. 
Then, two passes of the Newton-Raphson iteration are performed in single 
precision. The form of the iteration is: 
'f~------~----------J 
single precision 
0, and Th ' 'd .... t d" f x ~s 1S one ~o runcate excess 19ltS 0 --.. -
Y 
P+Q-8 3 
is less than 16 in absolute value. 
- Y3' which is 
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DTAN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DTAN Size of Code Area: _.-..;;1;;.,;6:;.,;4;.... ___ Hw 
Stack Requirement: ___ 3_0 __ ....;Hw Data, CSECT Size: ____ -...;;,4_, ___ Hw 
o Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DTAN 
[]I Procedure 
None 
Function: Computes tangent in double precision. 
Invoked bi: 
~ Compiler emitted code for HALlS construct of the form: 
TAN(X) r where X is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Precision 
DP 
Precision 
DP 
302.2 
Cause 
How Passed 
FO 
How Passed 
FO 
Error # 
11 
Fbcur Return 
Units 
racuans 
Units 
12 
Argument outside range Ixi < TI.250 
Argument too near a singularity of 
the tangent function 
Return maximum positive 
floating point number 
Comments: 
Error gets very large near a singularity, before error #12 is sent. 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Multiply X by ; , and give the characteristic of this to 
X'0000000000000008' for use as a comparand to determine nearness to a 
singularity. The integer part of Ix . ~I TI 
even, let w = fraction part of Ixl . ~ 
is the octant. 
(Continued on next page) 
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DT1Ul 
DTAN 
Algorithm (Can't) 
If the octant is odd, let w = -1 -fraction part of Ix I • !. 
7T 
1 . 1 pi) d Q() If w > 2-46 , then the Next, compute two po ynom1a s \w an w. 
forms of the polynomials are: 
4 6 
+ a 2w + w ) p (w) = w (ao 
Q(w) = b o + 
4 6 
+ b
2
w· + b 3W 
If w < -46 then with u = w if Ixl !.< 1, and u 2 , . 1T 
p(w) = w(a 
0 
+ u) 
Q (w) b O + b 3u 
where the values of the constants are: 
aD = X'C58AFDDOA41992D4 i = -569309.04006345 
al X'44AFFA6393159aa6' 45050.3889630777 
a 2 = X'C325FD4A87357CAF' -607.8306953515 
b O X'C5BOF82C871A3B68, -724866.7829840012 
b 1 x'4532644BIE45A133' 206404.6948906228 
b 2 = X'C4l926DBBBIF469B' -6438.8583240077 
b 3 = X'422376F171F72282' 35.4646216610 
= -w otherwise. 
If w < the comparand derived earlier and the octant = lor 2 (mod 4), 
then error 12 is sent. Othe:t'wise, Q (w) /P (w) is returned with its sign 
adjusted. In octallts ::: 0 or 3 (mod 4)/ p(w)/Q(w) is returned, with the 
sign adj usted according to tan (-x) = -·tan (x) • 
The justification for this computation is that ~~:~ = tan(W • i) and 
~= cot(w .~) and simple trigonometric identities p (w) 4 ' 
give, for R = fraction part of X 4 
7T 
(Continued on next page) 
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o 
.. 
DrrAN 
Al90rithm (Con't) 
octant (mod 4). 
o 
1 
2 
3 
Formula for tan 
tan ( I ~ I) = tan (R • ~) 
tan(lxl> = cot«l-R) • -t) 
tantlxl) = -cot(R • ~) 
tan( Ixl) = -tan«l-R) • ~) 
which is the result of the computation as performed. 
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DTANH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DTANH Size of Code Area: ____ ~9~4~_____ Hw 
Stack Requirement: 22 Hw Data CSECT Size: _____ , __ -------0--- Hw 
o Intrinsic [] Procedure 
Other Library Modules Referenced: DEXP ! L--~~ ________________________________________ ~ ____ ------------~ 
I 
ENTRY POINT DESC~PTIONS 
DTANH Primary EntrY Name: 
Function: 
computes hyperbolic tangent in double precision. 
REPRODUCIBILITY 0]' THlV 
ORiGINAL PAGB IS POo.n. 
Invoked by: on Compiler emitted code for HALlS construct of the form: 
TAN (X) , where X is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds)~ 
Input Arguments: 
~ Precision 
Scalar OP 
output Results: 
~ Precision 
Scalar DP 
Errors Detected: 
(See below) 
How Passed 
FO 
How Passed 
FO 
units 
units 
Error # Cause Fixup 
-
comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: If Ixi > 20,101, return +1 or -I, according to the 
If 0.54931 < Ixi ~ 20.101, then (using DEXP), tanClxl> = 1 ~ 
sign of X. 
2 
Restore sign with tan(-x) -tanh (x) , For Ixl -7 ~ 16 • tanh (x) = X, 
Execution Time: Ixi < 3.72529E-9: 47.8 
3.72529E-9 < Ixi ~ 5.493lE-l: 177.9 
5.493lE-1 < Ixl < 2.0l0lE+l: 420.6 
2.0101E + < X: 54.6 
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Algorithm (Con't) 
For other valUes of X, 16-7 < Ixi < 0.54931, use a continued fraction 
approximation: 
tanh (x) = x + x3 
---. ------. -
x2 + C + C 
3 -.;4 ___ ----~2 + C5 
where the values of the constants are: 
Co = X'COF6E12F40F5590A' = -.9643735440816707 
C1 = X'4190A506FD30BC84, == 
9.8529882328255392 
C2 = X'C31C504FEF537AF6' = 
453.01951534852503 
C = X'424D2FA31CAD8POc' = 77.186082641955181 3 
C4 = X'C3136E2A58910BE9' = 
-310.B853383729134 
Cs = x'4219B3ACA4C6E790' == 
25.701853083191565 
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EATAN2 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Souroe Member Name: EATAN2 Size of Code Area: _1_3_2 ______ Hw 
stack Requirement: ___ 1_8 ____ .-.;HW Data CSECT Size: ____ .....;;.1.;;..0-__ aw 
o Intrinsic fKJ Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EATAN2 
Function: Computes arctangent by fractional approximation in the range (-TI, TI) 
in single precision. 
Invoked by: lliJ Compiler emitted code for HAL/S construct of the form: 
ARCTAN 2 (X,y) , where X and Yare single precision scalars corresponding 
to sine and cosine respectively of the intended arctangent argument. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Scalar (sin) 
Scalar (cos) 
output iResults: 
~ Scalar 
Errol;s Detected: 
Precision 
SP 
SP 
Precision 
SP 
120.0 
How Passed 
11'0 
F2 
Uni.ts 
How Passed Units 
FO Radians 
Error # 
62 
Cause 
arg 1 == arg 2 
Fixup 
o Return 0.0 
Comments: 
Registers Unsafe Across Call: FO,Fl,p2,F3,F4,F5. 
Algorithm: The pointer to the data area that contains quadrant section constants 
is set and the sign of sin x is saved. The value Z = Isin xl/leas xl is checked 
for several special cases. (1) If cos x < 0 and Z < (16)~6, then return 
TI . SIGNUM(SINX). (2) If SINX = COSX = 0, then Signal error and return O. 
(3) If SINX ~ 0, COSX == ~, then retu~n ± TI/2 • SIGNUM(Sin X). (4) If 
sin x t 0, cos x t 0, but Z > -(16)6, again return ± TI/2 = (rr/2 . SIGNUM (sin x»). 
(5) If Z < (16)-3, return Z. 
Now, all of 'the special cases have been checked for. If the routine gets 
this far, it is time to reduce Z = tan x so that Z < tan TI/l2(tan 15°). 
(Continued on next page) 
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EATAN2 
Algorithm (Con't) 
There are four cases to examine for Z in 
the 1st quadrant. 
A) Z > 1. Use lIZ. 
1) tan 15° < lIZ < 1 
2) lIZ < tan 15° 
-
B) Z < 1 
3) tan 15° < Z < 1 
4) Z < tan 15° 
For Z or lIZ> tan 15°, the reduction 
Tan-1Z :; 1T/6 "" tan on , where Y = Z vr- - lIZ + V3 is used. 
To ~rotect significant bits, Y is computed as 
Y = Z ( V3 - 1) - 1 + Z/Z + V3. 
Once Z or lIZ ~ tan 15°, the formula for arctan Z can be applied. 
-1 Tan (Z) D + Cz2 + (B/(Z2 + A», where the constants 
Z 
have the following values (hex values are used in the routine): 
A = X'41168A5E' (1. 4087812) 
B X'408F239C' (0.55913711) 
C := X' BFD35F49' (-0.051604543 ) 
D ~ X'409A6524' (0.60310579) 
To adjust the angle to the proper section, the appropriate section 
constant is added to or subtracted from the intermediate result, as follows: 
Z < tan 15° 
tan 15° < Z < 1 
lIZ < tan 15° 
tan 15° < lIZ < 1 
+ + 0 (E'O') 
+ + 1T/6 (X'40860A92') 
+ 1T/2 (X'Cl192lFB') 
+ - 1T/3 (X'CLLOC152') 
(Continued on next page) 
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Algorithrn (Con' t) 
We now have the correct angle for the first quadrant. All that remains 
is to f~x the quadrant. If the cos x < 0, then Tan-1(X) = n - Tan-l(Z). 
That fixes the angle to agree with the sign of cos x. Now ~ake the sign 
of the answer agree with the sign of sin x, Le. -Tan-l(Z) for -sin x and 
+ Tan-1 (Z) for + sin x. 
The result, in radians, is in the correct quadrant in the range (-TI, +TI). 
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Secondary Entry Name: ATAN 
Function: computes arctangent by fractional approximation in the range 
(-TI/:2, + TI/2) in single precision. 
Invoked by: 
La Compiler emitted code for HALlS construct of the form: 
ARCTAN(X), where X is a single precision scalar. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results; 
~ 
Scalar 
Errors Detected: 
Error # 
Pl:ccision 
SP 
]?recision 
SP 
116.5 
Cause 
How Passed 
FO 
How Passed 
FO 
Fixup 
Units 
Units 
Radians 
, 
Comments: '.' 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: verr similar to EATAN2, but the only s~ecial case that can be 
checked is Z = Itan xl < (16)-3. If Z is this small, then return Z to avoid 
an underflow exception later on. The algorithm for reduction and computation 
of Tan-l Z is the same as EATA112 again until quadrant fixing time. Since ARCTAN 
has only one arg, the result can only be adjusted in the range ( .... 1T/2, 1T/2). The 
Tan-l Z is computed for the first quadrant. 
If the argument,tan x, is negative, the result is made negative. 
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EPWEE 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: EPWRE Size of Code Area: 32 Hw 
--...;;;..;;....----
Stack Requirement: ____ 2_2_--.;HW Data CSECT Size: ________ ~4 _______ Hw 
o Intrinsic IU Procedure 
Other Library Modules Referenced: __ E_X_P_,~L_O_G~,_S~Q~R_T ______________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EPWRE 
Function: 
Exponentiation of a single precision scalar to a single precision scalar power. 
Invoked by: (iJ Compiler emitted code fo,r HALlS construct of the form: 
X**Y, where X and Yare single precision scalars. 
[] Other Library Modules: 
Execution Time (microseconds): If Y = .5: 124.7 
If Y I .5: 337.1 
Input Arguments! 
~ Precision 
Scalar (base) SP 
How Passed 
FO 
Scalar (exponent) SP F2 
output Results: 
~ Precision How Passed 
Scalar 
Errors Detected: 
Error if 
4 
24 
Comments: 
SP 
Cause 
Zero raised to power < 0 
Base < 0 
FO 
Registers Unsafe Across Call: FO I E'l, F2, F3, F4, F 5. 
f 0 5 0.5 I=-Algorithm: I exponent = . compute X as ,X. 
Fixup 
Return 0.0 
use Ibasel 
x
, Y __ eY log X Otherwise, I using the external EXP and LOG functions. 
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Source Member Name: EP~1RI Size of Code Area: _3 ... 8 ________ Hw 
Stack Requirement: ___ 1_8 __ ... Hw Data CSECT Size: 2 Hw 
---------------
o Intrinsic I!J Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EPWRI 
Function: Exponentiation of a single precision scalar to a double 
precision integer power. 
Invoked by: Cd Compiler emitted code for HALlS construct of the form: 
X .. ,,*I, where X is a single precision scalar, and I is a double 
. precision integer. 
[] Other Library Modules: 
Execution Time (microseconds)~ 
Input Arguments: 
.'!'Ze!:. Scalar (base) 
Integer (exponent) 
output Results: 
.'!'Ze!:. 
Scalar 
Errors Detected: 
Precision 
SP 
DP 
Precision 
SP 
(See next page) 
Cause 
How Passed 
FO 
R6 
How Passed 
FO 
Error # 
4 Zero raised to power < 0 
Conunents: 
Registers Unsafe Across Call: FO,F1,F2,F3. 
Algorithm: Let I 
I 
then 
= lexponentf, 
E32 = i=O 
i 2.2 , 
1 
i 
e.2 
E = base. write 
where e. = 0 or 1 
?i 
1 for all i. 
Fixup 
Return 0.0 
Units 
---
Units 
i E.e.2 
Ell = 1T.E 1 = 1T E'" 
e.=l if some e. 1 1, and = 1 otherwise. 1 
1 
(Continued on next page) 
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EPWRI 
EPWRI 
Execution Time: 
38.2 + (n-I) 16.2 + 6.0m + 14.2 (if exponent negative), 
where n = number of significant digits in binary representation of I exponent I . 
m number of significant lIs in binary representation of I exponent I '. 
Algorithm (Con't) 
2i 
The product ~e.=l E is computed in a loop. Each ttme around the loop, 
~ 
E 
2k 
is multiplied by itself to give E 
2k+l 
The k+l-st bit is shifted 
2k+l 
mUltiplied the out of the exponent. If it is I, E is into result. 
If not, the result is left alone. When the remaining exponent is zero, 
the loop is finished and the result is EI. If the exponent was positive, 
I I 
return E. Otherwise, return the reciprocal of E • 
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Secondary Entry Name: EPWRH 
Function: 
Exponentiation of a single precision scalar to a single precision integer 
power. 
Invoked by: 
[i] Compiler emitted code for HALlS construct of the form: 
X**I, where X is a single precision scalar, and I is a single precision 
integer. 
o other library modules: 
Execution Time (microseconds): Same as EPWRr, except constant is 38.8. 
Input Arguments: 
~ Precision 
Scalar (base) SF 
Integer (exponent) SF 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
Cause 
4 Zero raised to power < ° 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3. 
How Passed 
FO 
R6 
How Passed 
Fa 
Fixup 
Return 0,0 
Units 
Units 
Algorithm: Halfword exponent is shifted right to convert to a fullword. 
Then, EPWRI routine is used. 
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EXP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: EXP Size of Code Area: 108 Hw 
---.....;----
Stack Requirement: ____ l_B ___ Hw Data CSECT Size: ____________ ~2~_HW 
o Intrinsic ID Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: _....;.E .... X.;..P ________ _ 
function: 
X Computes e in single precision. 
Invoked by: 
REPRODUCIDILITY OF THE 
ORIGINAIi PAGE 1S POOR 
DD Compiler emitted code for HALlS construct of the form: 
EXP(X), where X is a single precision scalar. 
flJ Other Library Modules: 
TANH, EPWRE, SINH 
Execution Time (microseconds): 141.8 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
6 
Comments: 
Precision 
SP 
Precision 
------
SP 
Cause 
Argument outside range: 
X < 174.673 
Registers Unsafe Across Call: FO/Fl,F2,F3. 
How Passed 
FO 
How Passed 
FO 
Units 
Units 
Fixup 
Return maximum positive 
floating point number. 
Algorithm: 
and 0 < T < 
Let X 1092e = 4R-5-T, where Rand S are integers, 0 < S ~ 3, 
1. Then 
R -5 -T exp(X) = 16 . 2 . 2 
-T 2 is computed by a fractional approximation of the form: 
2-T = 1 + 2T 
CT2 B 
- T + D + A +-T2 
The computation is carried out in fixed-point, and the values and scaling 
of the constants are: 
(Continued on next page) 
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EXP 
EXP 
Algori thIn (Con' t) 
A = X'576AEl19' = 87.417497 at bit 7 
B = X'269F8E6B' = 617.97227 at bit 11 
C - X'B9059003' = -0.03465736 at bit (-4) 
D X 'B05CFCE3' -9.95459578 at bit 4 
The multiplication by 2-5 is carried out by shifting xight 5 places, 
and the multiplication of l6R is done by adding R to the floating 
e~ponent. 
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IPWRI 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: IPWRI Si ze of Code Area: __ ~4.::6:.....
.._-.-__ Hw 
Stack Requirement: 18 Hw Data CSECT Size: 
_____
_____
 ~2 ______ HW 
o Intrinsic liD Procedure 
Other Library Modules Referenced; None 
ENTRY POINT DESCHIPTIONS 
Primary Entry Name: IPWRI 
Function: 
Computes double precision integer to positive double precision integer 
Invoked by: 
power. 
Ga Compiler emitted code for HALlS construct of the form: 
arg 1 ** arg 2, where arg 1 is a double precision integer, and 
arg 2 is a positive double precision literal. 
[] Other Library Modules: 
Execution Time (microseconds): k + 16.4(n-l) + 7.0m + O.4(n-2) if n ~ 2, where 
k :: 44.6, n # of significant digits in binary representation of 
Input Arguments: 
arg2, m == # of significant ones in binary representation of arg2. 
Type 
I:rYE:e:g'er(base) ~ 
Integer (exponen't) 
output Results: 
~ 
Integer 
Errors Detected: 
Precision 
DP 
DP 
Precision 
DP 
How Passed 
R5 
R6 
How Passed 
R5 
Error # 
4 
Cause 
zero raised to power < 0 
Fixup 
Return 0 
Comments: 
Registers Unsafe Across Call: R5. 
Algorithm: Shift all halfwords to convert tofullwords, Let B 
I ::= exponent. 
write I == L 32 i==O 
i 
e.2 , where e. == 1.for each i. 
~ ~ 
Then: 
i 
e,2 
1T.B 1 
1 
2i 
1Te .==lB if e i = 1, and = 1
 otherwise. 
1 
(Continued on next page) 
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IPWRI 
Algorithm (Con't) 
The 
2k 
2i 
product ~e.=l B is computed in a loop. Each time around the loop, 
1 ~+l 
B is multiplied by itself to give B The k+l-st bit is shifted 
out of the exponent and tested. If it is 1, the partial result is 
2k+l 
multiplied by B If not, the partial result is left as is. When 
the remaiuing exponent Is 0, the result is EI and the exit is taken from 
tne loop. The answer is stored in .ARG5 to be q.vailable after registers 
are i:es toyed. 
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Secondary Entry Name: IPWRli 
Function: 
computes double precision integer to positive single precision .integer power. 
Invoked by: 
Cd Compiler emitted code for HALlS construct of the form: 
arg 1 ** arg 2, where arg 1 is a double precision integer, and 
arg 2 is a positive single precision integer literal. 
[J Other library modules: 
Execution Time (microseconds): Same as for IPWRI, except k 
Input Arguments: 
~ Precision 
Integer (base) DP 
Integer (exponent) SP 
output Results: 
~ 
Integer 
Er:rors Detected: 
Error # 
Precision 
DP 
Cause 
How Passed 
R5 
R6 
How Passed 
R5 
4 Zero raised to power <-=0 
Comments: 
Registers Unsafe Across Call: R5. 
Algorithm: 
See IPWRI 
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Secondary Entry Name: HPWRli 
11 
;1-
~f Function: 
computes single precision integer to positive single precision integer power. :3 ~ 
~ 
r~ 
Invoked by: 
Compiler emitted code for HALlS construct of the form: 
arg 1 ** arg 2, where arg 1 is a single precision integer variable, and 
arg 2 is a positive single precision positive 
o other library modules: integer literal. 
Execution Time (microseconds): Same as for IPWRI, except k 
!nput Arguments: 
~ Precision 
Integer (ba.se) SP 
In'teger (exponen't) SF 
output Results: 
!ype Precision 
Integer SP' 
Errors Detected: 
Cause Error # 
4 Zero raised to power <= o. 
Comments: 
Registers Unsafe Across Call: RS. 
Algori tlun: 
See IPWRI. 
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LOG 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: LOO Size of Code Area: ___ 9;.,0.;..... ___ Hw 
Stack Requirement: ___ 1_8 _ --:;Hw Data CSECT Size: ___________ 2 _____ Hw 
o Intrinsic (]J Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: 
Function: 
LOG 
REPItODUCIBILrry OF THE 
OR!Glt~AI.I P AGB IS POOR 
computes log (X) in single precision. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
LOG(X), where X is a single precision scalar. 
fiU Other Library Modules: ASINH, ATANH, EPWRE, ACOSH 
Execution Time (microseconds): 140.5 
Input Arguments: 
~ 
Scalar 
Output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
7 
Comments: 
precisio~ 
SP 
Precision 
SP 
Cause 
How Passed 
FO 
How Passed 
FO 
argument outside range X > 0 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
units 
units 
Fixup 
For x=O, r.eturn LOG ( I X I ) 
for X < 0, return 
maximum negative floating 
point number. 
Algorithm: Write X = 16P . 2-Q . M, where Pand Q are integers I 0 ~ Q ~ 3, and 
~ ~M ~ 1. P, Q, and M are found by fixed-point calculations. Let A = 1, 
B = 0, if M > V~ , and A = ~f B = 1 otherwise. 
Let Z = (M-A)!(M+A). Then log(X) = (4P-Q-B)log 2 + log«l+Z)/(l~Z)). 
Log«l+Z)!(l-Z» is co~~uted by an approximation of the form: 
Rw 
W + W ('-2) 
S-W 
where W = 2z, and the values of the constants are: 
R = x'408DBBC7' = 0.55291413 S :::. X'416A298C' 6.6351437 
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I SIN HAL/S-FC I,IBRARY ROUTINE DESCRIPTION 
Source Member Name: SIN Size of Code Area: 70 Hw 
Stack Requirement: Hw 
------
o Data CSECT Size: 30 Hw 
iiJ Intrinsic o Procedure 
Other Library Hcdules Rp-ferenced: -..!N;!:o~n~e=;.,..,~~~ ______________ _ 
ENTRY POINT DESCRIP,]~IONS 
Primary Entry Name: SIN 
Function: 
Compu~es sine(X) in single precision. 
Invoked by: 
IiJ Corr,piler emitted code for HALlS construct of the form; 
SIN(X) , where X is a single precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): -TI < X < TI: 124.5 
Input Arguments: 
~ 
Scalar 
OU"tput Results: 
~ 
Scalar 
Errors Detected: 
Error # 
8 
Precision 
SP 
Precision 
SP 
X > TI or X <-TI: 123.6 
How Passed 
FO 
How Passed 
FO 
Cause 
argument outside of. range: 
Ix I <TI. 218 
Fixup 
return /!2 
2 
Units 
radians 
Units 
Comments: Called as a library by compiler: uses only fixed-point registers 
Rl and R3, which are restored at exit from an intrinsic. 
Registers Unsafe hoross Call; Rl, R3 ,R4 ,FO ,Fl ,F2 ,F3 ,F4 ,F5. 
Algorithm: Let Ixl . i = Q+R, Q an integer, 0 ~ R < 1. Add 4 to Q if 
the sine is desired and X < 0, and add 2 to Q if the cosine is desired. 
Since sin (-x) = sin (X+'ff) I and cos (x) = sin (!. + x). This reduces the problem 
2 
of computing sin (x) for X > O. 
(Continued on next page) 
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Algorithm (Con't) 
Since Q has been adjusted, it is only necessary to compute sin(i(Q+R». 
If Qo = Q mod 8, then this is equal to sin{r<Qo+R». The eight cases of 
this yield, through simple trigonometric identities: 
Q = 0: sineR . ~) 
0 4 
1: cos «I-R) . ( TI) 4 
2: cos(R . TI ) 4 
3: sin «l-R) . 1L) 4 
4: -sineR . :!!:.) 4 
5: -cos ( (I-R) . .'!!.) 4 
6.: -cos(R . :!!:.) 4 
7: -sin ( (l-R) . E.) 4 
Let R = R in octants 0, 2, 4, 6 and R = l-R in octants 1, 3, 5, 7. 
0 0 
We compute sineR . .'!!.) in octants 0, 3, 4, 7 and cos(R . .'!!.) in octants 
0 4 0 4 
1, 2, 
SineR 
o 
5, 6, and negate the result in octants 4, 5, 6, 7. 
.'!!.) and cos(R • E.) are computed by polynomial approximations. 
404 
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SIN 
SIN 
Algorithm (Con't) 
The form of the approximation for sine is: 
where the values of the constants are: 
a = X~40C90FDB' = ,78539819 0 
a = X'C014ABBC' = .080745459 1 
a 2 = X, 3EA32F62' = ,0024900069 
a3 = X'BD25B368, = -.000035943 
The form of the approximatin for cosine is, 
where the values of the constants are: 
X 'C04EF4EE , 
-,30842483 
a 2 X'3F40EDOF' .0158510767 
a 3 = X'BE14F17D' = -,000319570 
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SIN 
Secondary Entry Name: cos 
Function: 
Computes cosine(X) in single precision. 
Invoked by: 
[[] Compiler emitted code for HALlS construct of the form: 
COS(X), where X is a single precision scalar, 
o Other library modules: 
Execution Time (microseconds): 
Input Argumen ts : 
~ 
Scalar 
output Results: 
~ 
scalar 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
SP 
-TI < X < TI: 122.1 
X > TI or X <-TI: 123.1 
Cause 
How Passed 
FO 
How Passed 
FO 
8 argument outside range Ix I < 'If. 218 
Comments: 
Fixup 
Return 
See SIN Comments. 
Registers Unsafe Across Call: Rl,R3,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: 
See SIN Algorithm. 
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SINH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name.: SINH Size of Code Area: 80 Hw 
---------
18 Data CSECT Size: :2 Stack Requirement: Hw 
---------------
Hw 
-------' 
o Intrinsic I'il Procedure 
Other Library Modules Referenced: _______ E_X_P ______________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: 
Function: 
SINH REPRODUCIBILUY OF l'H-G 
ORIGINAL PAGE If] POOR 
Computes hyperbolic sine in single precision .• 
Invoked by: IKI Compiler emitted code for HALlS construct of the form: 
SINH(X), where X isa single precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Precision 
SP 
Precision 
SP 
1 < Ixl < 1.75366E+2: 235.6 
2.0394E-4 < Ixi < 1: 80.7 
Ixi < 2.0394E-4: 40.0 
How Passed 
FO 
How Passed 
FO 
Units 
Units 
Fixup Error # 
9 
Cause 
Argument outside range 
Ix] ~ 175.366 
Return maximum positive 
floating point number. 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: If X < 2.04E-4, then sinh(x) = x. If 2.04E-4 < ix\ < 1, 
then sinh(x) is computed via a polynomial approximation. 
The form of the polynomial is: 
sinh (x) = X + cl x
3 + c3x
5 + c3x7 
where the values of the constants are: 
(Continued on next page) 
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SINH 
Algorithm (Con't) 
C
l 
= X'402AAAB8' = 0.16666734 
C2 = X'3F22lE8C' = 0.008329912 
C
3 
= X, 3DD5D8B3 I = .2039399E-3 
SINH 
Otherwise, sinh ( I X I) or cosh (I X I) is calculated using EXP. The number 
V, equal to 0.4995050, is introduced to control rounding errors and the 
formula is as follows: 
sinh (x) = ..l(e (x+logv) ___ V;..-2 __ 
2V (x+logv) 
e 
cosh (x) = l(e (x+10gv) + __ V:.,.2 __ ) 
2V (x+logv) 
e 
the identities sinh(-x) = -sinh(x) and cosh(-x) = cosh(x) are used 
to recover sinh(x) and cosh(x) from sinh(lxl) and cosh(lxl)· 
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Secondary Entry Name: _C_O_S_H ____ _ 
Function: 
Computes hyperbolic cosine in single precision. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
SINH(X), where X is a single precision scalar. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
OUtput 1~esu1ts: 
~ 
Scalar 
Errors Detec'ted: 
Error # 
Precision 
SP 
Precision 
SP 
228.9 
How Passed 
FO 
How Passed 
FO 
SINH 
Units 
-
Units 
Fixup 
9 
Cause 
Argument outside range 
Ixl .:. 175.366 Return maximum positive floating point number. 
Comments: 
Registers Unsafe Across Call: FO,F1,F2,F3,F4,F5. 
Algorithm: 
See SINH algorithm. 
5-129 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE· CAMBRIDGE, MASSACHUSETTS 02138' (617) 661-1840 
i 
1 f 
, t 
, 
" 
,I 
:~ 
'i 
1 
I 
r!··' 
,~ ( 
f } 
, 
SQRT 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: _S..:;Q:,.R_T ___ _ Size of Code Area: ~ __ ~4~8 _______ HW 
Stack Requirement: ___ -O--...;HW Data CSECT Size: _____ ....:;14,.;.-_____ Hw 
I[J Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ ~5..::Q:...R_T _____ _ 
Function: 
n,1m?RODlTCJ.'BIT.:':'"r7 OF THF! 
. ~~I"\Or-~ 
Computes square root in single precision. 
Invoked by: (i] Compiler emitted code for HALlS construct of the form: 
SQRT(X), where X is a single precision scalar. 
GJOther Library Modules: ACOS, ASINH, EPWRE, VV10S3 , ACOSH 
Execution Time (micros~conds): 88.3 
Input Arguments: 
~ 
Scalar 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
51? 
Cause 
How Passed 
FO 
How Passed 
FO 
Fixup 
Units 
Units 
5 Argument outside range 
X > 0 
Return SQRT( I X I ) 
Conunents: 
Registers Unsafe Across Call: Rl, R4, R5, R6, R7, FO, Fl, F2, F3. 
1 
Algorithm: write X = l62P- Q • M, where 16 ~,M < 1. Then, \Ix' = 16P • 4-Q • rr:r.-
This fact is used to obtain a good first approximation to I~by approximating 
fj[by a hyperbolic approximation. 
(Continued on next page) 
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Algorithm (Con't) 
The form of the approximation is, for, Q~O 
[% + ~ is to avoid fixed-point overflow for 
large M]' 
where the calculations are done in fixed-point. 
The values of the constants are: 
a = X'01AE7DOO' = 1.6815948 at bit 7 
b = X'FF5B02Fl' -1. 2889728 at bit 7 
c 
- = X, 35CFC610' 0.42040325 at bit 0 
2 
For Q = 1, % b and 4 are used instead of a and b. 
a 4 = X'006B9F40' = 0.4203987 at bit 7 
£ = X'FFD6COBD' = -0.3222432 at bit 7 
4 
The first approximation is improved with two passes of the Newton-Raphson 
iteration. The form of the first is: 
1 x y = -(- + y ) 
1 2 YO 0 
The form of the second, to minimize truncation errors, is: 
Y2 is returned as the answer. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: _T_AN ____ _ 112 Size of Code Area: Hw 
--------
20 _____ 4____ Hw stack Requirement: Hw Data CSECT Size: 
--------
o Intrinsic f] Procedure 
Other Library Modules Referenced. 
ENT1~Y P(J~.NT DESeRt P'UIONS 
I 
None 
l:'rinbry Entry Name: _ ... T ... ANr;au.. ________ _ 
Function. 
computC:.Js tangent in sin~le precision. 
!nvoked by: Oil Compiler emitted code for HALlS construct of the form; 
TAN(X), where X is a single precision scalar, 
[] Other Library Modules: 
Executlon Time (microseconds): 
Input Ar9W1\en ts : 
~ 
Scalar 
Ot:\tput kesul ts : 
\ ~ 
\ Scalar 
Err<.,rs Detecte~: 
Error .. 
11 
Precision 
SP 
Precision 
SP 
164.0 
Cause 
How Passed 
FO 
How Passed 
FO 
Fixup 
Return 1 
Units 
radians 
Units 
12 
Argument outside range Ixl < n.218 
Argument too close to singularity of 
tangent function 
Return maximum positive 
floating po':"nt number 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
! 
Algori,thm: Let Ix I .! = Q+R. Q an integer, 0 ~,R < 1. Give the 
n 
characteristic of Ixi . * to X'00000008 1 for later use as a comparand, 
to determine nearness of X to a singularity. 
(Continued on next page) 
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TAN 
Algorithm (Con't) 
We have the following table: 
~ mod 4 tan( x 
0 tan( Ix I) = tan(R • TI.) 4 
1 tan (Ix I) cot «l-R) . Jl) 4 
tan(lxl) 7T 2 -cot(R • -) 4 
tan( Ix I) = -tan «l-R) 
7T 
3 
. -) 
4 
For Q mod 4 even, let w = R, and for Q mod 4 odd, let w l-R. 
compute two polynomials in w, as polynomials in 
w 
u = ~ 
t.hen 
2 
pew) = w(a + u) o 
Q(w) = b + 
o 
pew) 
tan(w) = Q(w) , and the above table describes how 
tan( x ) is computed. Finally, tan (x) is computed using the identity 
tan (-x) = -tan(x). 
The values of the constants are: 
a O == 
X'C1875FDC' = -8.4609032 
bO 
X' ClAC5D33' -10.7727537 
b l -
X' 415B40FD' 5.7033663 
b 2 
X'C028C93F' := -.15932077 
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TANH. 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: • TANH Size of Code Area: ___ ...;;5...;;6~ __ Hw 
18 Hw Data CSECT Size: 
---------' 
Stack Re~uirement: o Hw 
---------------
o Intrinsic iii Procedure 
Other Library Modules Referenced; _____ EX_P _____________________________ --
ENTRY POINT DESCRIPTIONS 
Primary Entry Name; TANH 
Function: 
Computes hyperbolic tangent in single precision. 
REPRODUCIBILITY OF TIn; 
ORIGINAL PAGIJ 13 POOR 
Invoked by: UU Compiler emitted code for HALlS construct of the form; 
TANH(X), where X is a single precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): Ixi < 2.4414E-4: 38.2 
2.4414E-4 < Ixi ~ 7.QE-l; 78.7, 7.0E-l < Ixl < 9.011: 224.4 
Input Arguments: 9.011 :::. Ixl: 42:4 
~ Precision How Passed Units 
Scalar SP FO 
Output Results: 
~ Precision How Passed units 
Scalar SP FO 
Errors Detected: 
Error # Cause 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: If Ixl > 9.011, return +1 or -1, according to. tge sign of X. 
If 0.7 .s.lxl ~ 9.011, then (using EXP), tanh(lxl) = 1-2/(l+e2·lx+). Restore 
sign with tanh(-x) 
-tanh (x). For .Ix I ~ 16-3 , tanh (x) = x. 
For other values of X, 16-3 <Ixl < 0.7, use a rational approximation. 
where the values of the constants are: 
a = X'BEF7EA70' - -.003782895 
b X'COD08756' = -.81456511 
c = x'4127aC49' = 2.4717498 
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5.3.3 Vector/Matrix Routine Descriptions 
This subsection presents a class of 
deal with HAL/S vector/matrix operations. 
routines implement HAL/S language built-in 
others implement HAL/S operators. 
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MMODNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMODNP Size of Code Area: 12 Hw 
--------
o Data CSECT Size: _____ O_~Hw Hw 
-------~---
Stack Requirement: 
liD Intrinsic o Procedure 
Other Library Modules Referenced: none, 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMODNP 
Function: 
Moves a double precision scalar to all positions in an n x m partition of a 
double pre.cision matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form; 
~ = 0 i where M is a double precision matrix • 
A TO E,C TO D 
[Jother Library Modules: 
Execution Time (microseconds): 
Input Arguments; 
~ Sca:J:ar 
Integer(n) 
Integer(m) 
Integer (outdel) 
output Results: 
~ 
Matrix (n,m) 
Errors Detected: 
Error # 
Precision 
DP 
SP 
SP 
SP 
Precision 
DP 
6.8 + n(4.0 + 8.0m) 
How Passed 
FO 
R5 
R6 
R7 
How Passed 
R1 + Oth element 
Cause Fixup 
Units 
Units 
----
Comments: Registers Unsafe Across Call: R1, R3, R4, R5, R6, R7, FO, Fl. 
Algorithm: Uses two nested loops: 
Outer loop selects rowi 
Inner loop selects column and moves scalar to current 
row/column position. 
Upon exiting inner loop, toutde1t is added to pointer to 
output matrix location. 
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MMOSNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMOSNP Size of Code Area: 
_____
 1_0________ Hw 
Stack Requirement: o Hw Data CSECT Size: 
_____
_____
__ 0_____ Hw 
l[J Intrinsic o Procedure 
Other Library Modules Referenced: __ N_o_n_e __ , ________________________________
 __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMOSNP 
Function: 
Fill an n x m partition of a single precision matrix with a single 
prec~s~on scalar, 
Invoked by: GJ Compiler e~itted code for HALlS construct of the form; 
* MA TO B,C TO D== Of 
where M is a single precision matrix, 
[J Other Library Modules: 
Execution Time (microseconds): 6,4 + n(4.4 + 6.4m) 
Input Arguments: 
~ 
Scalar 
Integer(n) 
Intger(m) 
Integer (outdel) 
output Results: 
~ 
Matrix (n,m) 
Errors Detected: 
Error # 
Precision 
SP 
SP 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
E'u 
R5 
R6 
R7 
How Passed 
Rl + OEli element 
FixuE 
Units 
-,--~ 
Units 
Comments: Registers Unsafe Across Call: Rl, R3, R4, R5; R6, R7, FO ,Fl
o 
Algorithm: UseS two nested loops, one on ni one on mi 
Inner lopp selects row and column of result 
matrix and moves input scalar into location. 
At exit of inner loop, pointer to matrix element 
is incremented by outdel, new row is selected r and 
inner loop is executed again. 
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MMlDNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMlDNP Size of Code Area: 18 Hw 
,------
Stac~ Requirement: ___ O_____ Hw Data CSECT Size: _________ O _______ HW 
rn Intrinsic {] Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMlDNP 
Function: Moves a partition of a matrix in double precision, 
Invoked by: 
Gil Compiler emitted code for HAL/S construct of the form: 
M2=MIA TO B,C TO Of where Ml and M2 are double precision matrices, 
M2A TO B,C TO D=Ml; 
[] Other Library Modules: 
Execution Time (microseconds): 10.8 + n(5.4 + l2.2m) for n x m matrix moved. 
Input Arguments: 
~ 
Matrix (n,m) 
Integer(n) 
Integer (m) 
Integer (indel,outdel) 
output Results: 
Precision 
DP 
SP 
SP 
DP 
~ 
Matrix (n,m) 
Errors Detected: 
Error tt 
Precision 
DP 
How Passed 
R2 + oth element 
R5 
R6 
R7(indel in highest HW.( 
in Low HWI 
How Passed 
. Rl ..,;, oth element 
outdel 
Cause Fixup 
units 
units 
Comments: Registers Unsafe Across Call-_ Rl R2 R3 R4 R5 R6 R7 FO FI , , , , , , ,., , 
F2, F3. 
Algorithm: Loops on # rows; 
Loops on # columns; 
Load and store current element pointed to by input/output pointers; 
Increment pointers to next row element, 
End column loop; 
Increment input pointer by indel; 
Increment outpu't pointer by outdel; 
End row loop, 
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MMISNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: 'MMISNP Size of" Code Area: 
16 Hw 
Stack Requirement: o Hw Data CSECT Size: 
___
_ 0 ____ Hw 
lID Intrinsic C Procedure 
Other Library Modules Referenced: None, 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMISNP 
Function: Moves a parti.tion of a single precision matrix .• 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
M2 = MIA TO B, G_T2.Di where Ml and M2 are single precision 
M2A TO B, C TO D-M • matrices, 
[J Other Library Modules: 
Execution Time (microseconds): 10.8 + n(5.4 + 9.4m) for n :;. m matrix. 
Input Arguments: 
~ How Passed R2 -+ otE: element 
R5 
Units 
Matrix{n, m) 
Integer(n) 
Integer{m) 
Integert~ndel, 
Precision 
SF 
SF 
SF R6 ~ 
outdtU) DF R7(high HW=indelfLow HW~outdel) ~ 
Output Results: 
~ 
Matrix{n,m) 
Errors Detected: 
Error # 
Precision 
SP 
. Cause 
How Fassed 
Rl + Oth element 
Comments: Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl. 
Algori thm: Loop on # rows; 
Loop on # columns 1 
Units 
Load and store current elemE.lnt point to by input/output pointer; 
increment pointers to next row; 
End column lOOPi 
Increment input pointer by indeli 
Increment output pointer by butdelj 
End row loop; 
5-139 
INTERMETRICS INCORPORATED· 701 CONCORD J\vENUE ' CAtv!8RIDGE. MASSACHUSE
TTS 02138 • (617) 661-1840 
. '-,. -~ 
I 
c
l 
~ ( 
I 
I , 
; 
: ----"[ ... ·,.,..A, """'~"""""""b . .."." ..... 1U""", ,,_~ .. ..,., . ""' .•. ~ ...". ... ........ .",-" .. .-.- •.•• " '. 
i~ ~_~~-:::!': _~'.:-~~:;r:::~_~~. __ ~_.~~~.~. 
MMITNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Narne: MM1TNP Size of Code Area: 
----------
16 
stack Requirement: ___ .....;.O_~HW Data CSECT Size: 
--------------
o 
l&1 Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
primary Entry Narne: MMITNP 
Function: 
Moves a partition of a double precision matrix and stores it as single 
precision. 
Invoked by: 
I]) Compiler emitted code for HALlS construct of the form: 
M2=MIA TO B, C TO D; where M2 is a single precision matrix. 
M2A TO B, C TO D; where MI is a double precision matrix. 
o Other Library Modules: 
Execution Time (microseconds): 10.4 + n(5.8 + 10.6m) for n x m move, 
Input Arguments: 
~ Precision 
Matrix(~,~) DP 
Integer~n} SP 
Integer(m) SP 
Integer (indel,outdel) DP 
output Results: 
~ Precision 
Matrix(n,m) ~P 
Errors Detected: 
Error # Cause 
How Passed 
R2 ~ oth eiement R5 
R6 
R7 
How Passed 
R1 ~ oth element 
Fixup 
Hw 
Hw 
Units 
units 
Comments: Registers Unsafe Across Call: R1,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3. 
Algori thrn: Loops on ~ rows; 
Loops on # columns; 
Load long input element pointed to by input pointer; 
Store short into output element pointed to by output pointer; 
Increment pointer to next element; 
End column loops; 
Increment input pointer by indel; 
Increment output pointer by outdel; 
End row loop; 
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MMIWNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
MMl.wNP Size of Code Area: 18 H,,' 
---.==:..---Source Member Name: 
o Stack Requirement: Data CSECT Size: Hw 
-------
o Hw ---.-..;-~ 
(iJ Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: 
Function,: Moves a partition of a single precision matrix and stores it as 
a double precision matrix. 
Invoked by: on Compiler emitted code 
M2=MIA TO B, C TO Di 
M2A TO B,C TO D= Ml; 
[] Other Library Moduies: 
for HALlS construct of the form: 
where Ml is a single precision matrix; 
M2 is a ¢iouble precision matrix. 
Execution Time (microseconds): 13.6 + n(5.0 + II.Om) for n x m move. 
Input Arguments: 
l!t1i Precision M (n,m) SP 
Integer(n) SP 
Integer(m) SP 
Integer (indel,outdel) DP 
Output Results: 
~ 
Matrix (n,m) 
Errors Detected: 
Error # 
Precision 
DP 
How Passed Units 
R2 ~ otli element 
R5 
R6 
R7 
How Passed Units 
RI ~ oth element 
Cause Fixup 
Comments: Registers Unsafe Across Call: RI,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3. 
Algorithm: Clears lower half of floating point register pair, 
Loops on # rows; 
Loops on # columnsi 
Load short input element pointed to by input pointeri 
Store long (with zeroed second word) into output element 
pointer; 
Increment pointers to next row element; 
End column loop; 
Increment input pointer by indel; 
Increment output pointer by outdel; 
End row loop; 
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MM6DN 
P~/S-FC LIBRARY ROUTINE OESCRIPTION 
Source Member Name: MM6DN Size of· Code Area: 42 Hw 
Hw 
,----
o Stack Requirement: 0 Hw Data CSECT Size: 
Qg Intrinsic 0 Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM6DN 
Function: Multiplies two double precision matrices, 
Invoked by: Gl Compiler emitted code for HALlS construct of the form: 
MI M2, where MI is a m x n double precision matrix } mt.n,l f: 3. M2 is a 11 x l dou,ble precision matrix 
[] Other Library Modules: 
Execution Time (microseconds): 22.2 + m(lO.8 + l(21.2 + 27.2n» 
Input Arguments: 
~ Precision 
matrix (m,n) DP . 
matrix (n ,i) DP 
(Continued on next page) 
Output Results: 
~ Precision 
MatYix(m,l) DP 
Errors Detected~ 
Error # Cause 
How Passed 
R2 ~ oth element 
R3 ~ Oth element 
How Passed 
RI ~ OEli element 
units 
units 
Comments: Regist~xs Unsafe Across Call·. RI R2 R3 R4 R5 R6 R7 FO FI F2 F3 F4 F5 
" """"". 
Algorithm: Uses 3 loops: 
Innermost (on n) mUltiplies a row of MI b1' a column of M2; 
The second loop (on i) resets the column pointer, 
The outer loop (on m) resets the row pointer. 
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MM6DN 
Input Arguments (Con't): 
Integer (m) 
Integer (n) 
Integer (l) 
Precision 
SP 
SP 
SP 
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How Passed 
R5 
R6 
R7 
MM6DN 
Units 
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MM6D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM6D3 Size of Code Area: 32 
Hw 
~--=.=-----
Stack Requirement: o Data CSECT Size: 
o 
a Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM6D3 
F'unction: Multiplies two 3 x 3 double precision matrices, 
Invoked by: [J Compiler emitted code for HALlS construct of the form: 
Ml M2, where Ml and M2 are double precision 3 x 3 matrices. 
[J Other Library Modules: 
Execution Time (microseconds): 671.6 
Input Arguments: 
~ 
Matrix (Ml) 
Matrix (M2) 
output Results: 
~ 
Matrix (3,3) 
Errors Detected: 
Error'# 
Precision 
DP 
DP 
Precision 
DP 
Cause 
How Passed 
R2 ~ oth element 
R3 + oth element 
How Passed 
RI ~ oth element 
Fixup 
Units 
Units 
Comments~ Registers Unsafe Across Call: RI,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3,F4,F5. 
Algorithm: Explicitly nultiplies row by column, element by element. 
Uses BCTB to advance to each new col., and BCTB to advance 
to each new row. 
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MM6SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM6SN Size of Code Area: _______ 4~O~_____ Hw 
Stack Requirement: ___ ---::O:--...:HW Data CSECT Size: ° Hw --------~~-----
0.1 Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM6SN 
Function: Multiplies two single precision matrices. 
Invoked by: Q Compiler 
Ml M2, 
emitted code for HALlS construct of the form: 
where MI is a m x n single precision matriX,} 
M2 is a nx ~ single precision matrix m,n,~ i- 3. 
o Other Library Modules: 
Execution Time (microseconds): 22.2 + m(IO.8 + ~(20.2 + l8.0n». 
Input Arguments: 
~ 
Matrix (m,n) 
Matrix (n,~) 
(r:;ontinued 
output Results: 
~ 
Matrix (m,~) 
Errors Detected: 
Error # 
Precision 
SP . 
SP 
on next page) 
Precision 
SP 
Cause 
How Passed 
R2 + otfi element 
R3 + Oth element 
How Passed 
Rl + Oth element 
units 
Units 
Comments: Registers Unsafe Across Call: Rl,R2,R3,R4,RS,R6,R7,FO,Fl,F2,F3,F4,F5. 
Algorithm: Same as MM6DN. 
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MM6SN 
Input ArgUments (Con't): 
~ Precision 
Integer (m) SP 
Integer (n) SP 
Integer (l) SP 
How Passed 
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MM6SN 
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MM6S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source 1>1ember Name: MM6S3 Size of-Code Area: 24 Hw 
--..;;:....:.----
Stack Requirement: ° Hw Data CSECT Size: ____ ..:0:..-.. __ - Hw 
@ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM6S3 
Function: Multiplies two 3 x 3 single precision matrices. 
Invoked by, GJ Compiler emitted code for HALlS construct of the form: 
MI M2, where MI and M2 are 3 x 3 single precision matrices. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Matrix (Ml) 
Matrix (M2) 
Output Results: 
Type 
Matrix (3,3) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
SP 
409.6 
Cause 
How Passed 
R2 + oth element 
R3 + oth element 
How Passed 
Rl + oth element 
Units 
Units 
Registers Unsafe Across Call: RI,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3,F4,FS. 
Algorithm: Same as MM6D3 
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MMllDN 
HAt/S~FC L1BRARY ROUTINE DESCRIPTION 
Source ~ember Name: MMllDN Size of Code Area: 16 Uw 
--"---...--.---
Stac~ Requirement: o Hw Data CSECT Size: o Hw --~---------~-
GJ Intrinsic o Procedure 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMllDN 
Function: 
Transposes an n x m double precision matrix. 
Invoked by: Cd Compiler emitted code for HALlS construct of the form: 
11 
TRANSPOSE(M) 
*T " where M is an n x m double precision matrix, and m and/or nf3. 
or M 
[] Other Library Modules: 
Execution Time (microseconds): B.O + m(S.S + 12.2n) 
Input Arguments: 
~ 
Matrix (n,m) 
Integer 
Integer 
output Results: 
~ 
Matrix (m,n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + oth element 
RS 
R6 
How Passed 
RI + oth element 
Units 
Units 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,R6,R7,FO,FI,F2,F3. 
Algorithm: Uses two nested loops: 
Outer loop selected cO'lumn of input matrix, 
Inner loop moves elements of selected column to 
corresponding row of result matrix, 
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MMllD3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMllD3 Size of Code ~ea: ~ _____ 2_2 _______ Hw 
Stack Requirement: ____ ....:.O_---=Hw Data CSECT Size: _______ 0,;".. '___ Hw 
m Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMllD3 
Function: Performs transpose of 3x3 double precision matrix. 
Invoked by: 
G] Compiler emitted code for HALlS construct of the form: 
TRANSPOSE (M) h M 
*T ' were is a 3x3 double precision matrix. 
or M 
[] Other Library Modules: 
Execution Time (microseconds): 93.6 
Input Arguments: 
~ 
ma tr ix (3, 3 ) 
output Results: 
~ 
matrix (3,3) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
Precision 
DP 
Cause 
How Passed 
R2 '"7- oEh element 
Holtl Passed 
Rl "7- oth element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl,F2 r F3,F4,F5. 
Algorithm: Uses loop to load elements of one column into registers, 
then store into row elements of resultant for each pass 
through the loop. 
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MMllSN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMllSN Size of Code Area: ____ ..... 1.:.
6~_ Hw 
Stack Requirement: o Hw Data CSECT Size: 
o Hw 
-----~-
[iI Intrinsic o Procedure 
Other Library Modules Referenced: 
None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMllSN 
Function: 
Transposes an n x m single precision matrix. 
Invoked by: O§ Compiler e:itted code for HAL/S construct of the form: 
TRANSPOSE (M) 
*T 
or M 
[J Other Library 
, where M is an n x m single precision matrix and 
m and/or n ,. 3. 
Modules: 
Execution Time (microseconds): 8.4 + m(5.8 + 9.4n) 
Input Arguments: 
~ Matr~x (n,m) 
Precision 
SP 
Integer (# ]';iows=n) 
Integer (# columns=m) 
SP 
SP 
output Results: 
~ 
Matrix(m,n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
R5 
R6 
How Passed 
Rl + oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl. 
Algorithm: Uses two nested loops: 
units 
units 
Outer loop selects whiCh column of input matrix to use, 
Inner loop loads and stores column elements as row elements 
of result. 
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MMllS3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMllS3 Size of Code Area: 18 Hw 
--------
Stack Requirement: ____ O-'--_Hw Data CSECT Size: ° Hw 
--------------
£J Intrinsic o Procedure 
Other Library Hodules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMllS3 
Function:performs transpose of 3x3 single precision matrix. 
Invoked by: 
~ Compiler em~tted code for HALlS construct of the form: 
TRANSPOSE(M) , where M is a 3x3 single precision matrix. 
or M? 
[J Other Library Modules: 
Execution Time (microseconds): 71.8 
Input Arguments: 
~ 
Matrix 
output Results: 
~ 
Matrix 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oLK element 
How Passed 
Rl + otE element 
Fixup 
Comments: Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl,F2,F3. 
Algorithm: Uses loop to load FO, F2{ F4 with columns of input 
matrix and store them as rows of output matrix for 
columns 1 + 3, rows 1 + 3. 
Il'EPRODUCI3ILlTY .OF, T~E 
{)I~,i.(~ t ,:\'~ .• "', J., r a ..' ;'.~ 
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MM12DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM12DN Size of Code Area: __ ....;1::;..;5;;;.;0::...-___ Hw 
o Data CSECT Size: 
------------------
Stack Requirement: ___ ..;.2;...2_-..;Hw 
o Intrinsic f!1 Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM12DN 
Function: Find the determinant of an n x n double precision matrix. 
Invoked by: Gil Compiler emitted code for HALlS construct of the form; 
D = DET(M), where D is a declared double precision scalar, and 
M an n x n, double precision matrix, 
[] Other Library Modules: 
Execution Time (microseconds): for n = 2: 63.2 
Hw 
for n > 4: (Continued on bottom of this page) 
Input Arguments: 
~ 
Matrix (n, n) 
Matrix (n, n) 
Integer (n) 
output Results: 
~ 
Scalar 
Precision 
DP 
workarea DP 
SP 
Precision 
DP 
Errors Detected: 
Error # 
None 
Comments: 
Cause 
How Passed 
R2 ~ oth element 
R4 
RS 
How Passi!d 
FO 
Registers Unsafe Across Call: FO,Fl,F2 r F3,F4,F5. 
A1gorithm~ 
Same as MM12SN 
Execution Time (Continued): 
n-l 
minimum time = 59.4 + 10.2n2 + E (S4.Sk2 + Sl.2k + 115.6) k=l 
MClximum time 2 59.4 + 10.2n 
n-l 
+ E 
k=l 
2 (60.2k + 134.Sk + 169.0 + 3.6n) 
See MM12SN LRD for a description of m.ximum time vs. minimum time. 
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MMl2D3 
H~:,/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM12D3 Size of Code Area: 
____ ~4~4 ________ Hw 
Stack Requirement: 18 H _____ ----'w Data CSECT Size: 
______ ~O________ Hw 
o Intrinsic CD Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM12D3 
Function: 
Finds determinant of 3x3 double precision matrix. 
Invoked by: 
rID Compiler emitted code for HALlS construct of the form: 
* DET(M), where M is a double precision 3x3 matrix. 
~ Other Library Modules: MM14D3 
Execution Time (microseconds): 229.6 
Input Arguments: 
~ Precision How Passed 
Matrix (3,3) DP R2 + oth element 
output Results: 
~ Precision How Passed 
Scalar . DP FO 
Errors Detected: 
Error # Cause 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Uses direct code, no loops to calculate determin~~t. 
See algorithm for MM12S3. 
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MM12SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Size of Code Area: 1308 
----
MM12SN ___ Hw Source Member Name: 
Data CSECT Size: 0 20 _______ " __ ~_____ Hw Stack Requirement: Hw 
-------' 
o Intrinsic ~ Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM12SN 
Function: Finds the determinant of an n x n single precision matrix. 
Invoked by: 
(]] Compiler emitted code for HALlS construct of the form: 
S ::= DET(M); where S is declared a single precision scalar, and 
M is an n x n single precision matrix. 
[Jother Library Modules: 
Execution Time (microseconds): for n = 2: 44.4 
for n > 4: (Continued on next page) 
Input Arguments: 
~ Precision 
Matrix SP 
Matrix (n,n) workarea SP 
Integer(n) SP 
Output Results: 
.!.lEe 
Scalar 
Errors Detected: 
Error # 
Hone 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
R4 
R5 
How Passed 
FO 
Fixup 
comments: f " 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. U.l.<..Li .... :.. .. 
Algoritlun: DE'r ::= 1.0 
FOR K ::= 1 TO Nl DO 
BIG ::= 0 
II = Jl ::= K 
-. 
Units 
units 
FOR I = K TO N DO 
EOR J = K TO N D) find maximal element 
IF ABS(A(I,J» > BIG THEN 
BIG ::= ABS(A(I,J»; 
11 Ii 
Jl = Ji 
IF II " K THEN 
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MMl2SN 
MM12SN 
Execution Time (microseconds) (Continued): 
n-l 
minimum time = 47.8 + 7.8n2 + L (37.6k2 + 64.6k + 85.8) 
k=l 
maximum time = 47.8 + 7.8n2 + 
n-l 
L (41.6k2 + l05.8k + 127.2 + 3.6n) 
k=l 
The m~n~mum time occurs in the event that all matrix elements 
are positive and where no row or column switching is required at 
any point of the computation. 
The maximum time occurs in the event that all matrix elements 
require complementing to obtain their absolute value, BIG changes 
on every comparison, and row and column switching are required 
at every point in the computation. 
Algorithm (Can't) 
DET -DET 
FOR J = K TO N SWITCH(A(Il,J),A(K,J) 
IF Jl :f K THEN 
DET -DET 
switch rows 
FOR I = K TO N SWITCH(A(I,Jl),A(JK); switch columns. 
DET = DET*A(K,K) product of diagonal element 
FOR I = K + 1 TO N DO 
TEMPl = -A(l,K)!A(K,K) reduce 
FOR J = K + 1 TO N DO 
A(I,J) A(IIJ) + A(K,J) * TEMPI 
DET = DET*A(N,N) last diagonal element 
If dim = 2, then special case: 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMl2S3 Size of' Code Area: 
Stack Requirement: 18 Hw Data CSECT Size: o Hw 
---.-;;..-----......;;;..;;..-......; 
o Intrinsic fD Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM12S3 
Function: 
Finds deten~inant of a single precision 3x3 matrix. 
Invoked by: Gil Compiler emitted code for HALlS construct of the form: 
* DET(M), where M is a 3x3 single precision matrix. 
[]] Other Library Modules: MM14S3 
Execution Time (microseconds): 116.0 
Input Arguments: 
~ 
Matrix(3,3) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
How Passed 
FO 
Comments: Registers Unsafe Across Call: FO,Fl,F2,F3,F4 /F5. 
Algorithm: Uses direl~ inline code to calculate 
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MM13DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM13DN Size of Code Area: 10 
---------
Data CSECT Size: o Stac~ Requirement: o Hw 
---_ ...... _-
----------------
Ii] Intrinsic ~ Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM13DN 
Function: 
Calculates TRACE of an n x n double precision matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
* TRACE(M), where M is an n x n double precision matrix, n13. 
[] Other Library Modules: 
.. _.' .,' 
Execution Time (microseconds): 
Input Arguments: 
~ 
Matrix (n,n) 
Integer(n) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
Precision 
DP 
12.0 + 10.2n 
Cause 
How Passed 
R2 + oth ele~ent 
R5 
How Passed 
FO 
Registers Unsafe Across Call: R2,R4,R5,R6,FO,Fl. 
Hw 
Hw 
units 
units 
Algorithm: Creates a skip value of n+l; Uses loop counting down n-l 
to zero, each pass summing a diagonal element of the matrix 
by using the skip value to increment from the previous 
diagonal element. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION [, .. 'OJ, 
Source Member Name: MM13D3 Size of Code Area: 8
 Hw 
-------
-
° 
Data CSECT Size: 
_____
_____
 O ______ HW 
Stack Requirement: Hw 
--------' 
(&) Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary EQtry Name: MM13D3 
Function: 
Calculates TRACE of a 3x3 double precision matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
* TRACE(M), where M is a 3x3 double precision matrix. 
[] Other Library Modules: 
Execution Time (microseconds): 19.8 
Input Arguments: 
~ How Passed 
Units Precision 
.c; 
Matrix (3, 3) DP R2 + oth element 
output Results: 
~ Precision How Passed 
units 
Scalar .DP FO 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: R2,R4,FO,Fl. 
Algorithm: Direct code, no loops to calculate 
'. I,. 
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MM13SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMl3SN Size ot Code Area: 
8 Hw 
------
--
Stack Requirement: o ______ ~Hw Data CSECT Size: 
______
______
 O~ ____ Hw 
I]) Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMl3SN 
Function: 
Calculates TRACE of an n x n single precision matrix. 
Invoked by: Oil Compiler emitted code for HALlS construct of the form: 
* TRACE(M), where M is a single precision n x n matrix, nf3. 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Matrix (n,n) 
Integer(n) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
SP 
8.8 + 6.2n 
Cause 
How Passed 
R2 + oth element 
R5 
How Passed 
FO 
Registers Unsafe Across Call: R2,R4,R5,R6,FO,FI. 
Algorithm: Creates a skip value of n+l; uses loop counting down n-l to 
each pass summing a diagonal element of the matrix by using 
skip value to increment from the previous diagonal element. 
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MM13S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source r-tember Name: MMl3S3 Size of Code Area: __ 1__________ Hw 
Stac~ Requirement: ___ O ___ HW Data CSEcr Size: Hw 
------.---------
0' 
g] Intrinsic o Procedure 
Other Library Modules Referenced: ~N~o=n~e~. ______________________________ ___ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMl3S3 
Function: 
Calculates TRACE of a 3x3 single precision matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
* TRACE(M), where M is a 3x3 single precision matrix. 
[J Other Library Modules: 
Execution Time (microseconds)~ 9.8 
Input Arguments: 
How Passed ~ 
Matrix (3,3) 
Precision 
SP R2 + oth element 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
Cause 
How Passed 
FO 
Registers Unsafe Across Call: R2,R4,FO,FI. 
Algorithm: 
Straight code to calculate MIl + M22 + M33 " 
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MM14DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM14DN Size of Code Area: ____ ~2~5~8~ _____ HW 
2 20 Stack Requirement: Data CSECT Size: Hw ----------~-----Hw --------
o Intrinsic iii Procedure 
Other Library Modules Referenced: MM15DN 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM14DN 
Function: Inverts an n x n double precision matrix. 
Invoked by: 
eN Compiler emitted code for HALlS construct of the £orm: 
M-l where M is an n x n double precision matrix, n :I 3. 
or INVERSE(M) 
[J Other Library Modules: 
Execution Time (microseconds): for n = 2: 173.8, 
for n > 4: 63.0 + 129.5n + 43.0n2 + 65.4n3 
Input Arguments: 
~ Precision 
Matrix(n,n) DP . 
Integer(n) SP 
Matrix (n,n) workarea DP 
Output Results: 
~ Precision 
Matrix DP 
Errors Detected: 
Error '# 
How Passed 
R4 + oth element 
R5 
R7 
How Passed 
R2 + oth e1emen't 
Fixup 
Units 
units 
27 
Cause 
Singular matrix Return identity matrix 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Same as MM14SN, except that pivot element divide operation 
is done by multiplying by reciprocal to some time over 
use of long divide instnuction. 
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..MM14D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM14D3 Size of Code Area: 128 Hw 
Stack Requirement: 18 Hw Data CSECT Si~e: 2 Hw 
------
o Intrinsic Procedure 
Other Library Modules Referenced: MMl2D3 MMl5DN 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM14D3 
REPRODUCIBILI1"'Y t ,.' ',~ll~:~ 
ORIGINAL PAGE :is l!JOl~ 
Function: 
Inverts a 3x3 double precision matrix. 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form: 
*-1 o~ ~NVERSE(~)' where M is a 3x3 double precision matrix. 
[] Other Library Modules: 
Execution Time (microseconds): 795.4 
Input Arguments: 
How Passed ~ 
Matrix(3,3) 
Precision 
DP R4 .,.. oth element 
output Results: 
~ Precision How Passed 
Matrix (3 ,3) DP R2 .,.. oth element 
Errors Detected: 
Error j~ Cause Fixup 
27 Attempted inverse of singular matrix. Re\1;!.urn identity 
Comments: Registers Unsafe Across Call: FO,Fl.,F2,F3,F4,F5. 
Algorithm: Explicit code, no loops; algorithm same as MM14S3 
except that external routines used are MM12D3 and MMlSDN. 
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MM14SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM14SN Size of· Code Area: Hw 
---------
242 
Stack Requirement: 20 H _____ ~w Data CSE~r Size: __________ 2________ Hw 
o Intrinsic Ii] Procedure 
Other Library Modules Referenced: MM15SN 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM14SN 
Function: Inverts a single precision n x n matrix. 
Invoked by: I1D Compiler emitted code for HALlS construct of the form; 
M-l 
or INVERSE(M)' where M is a single precision n x n matrix, n ~ 3. 
[] Other Library Modules: 
2: 107.6, Execution Time (microseconds): for n 
for n 4: 52.0 + 39.2n + 10.5n2 + 54.6n3 
Input Arguments: 
~ 
Matrix(n, n) 
Integer(n) 
Matrix (n,n) 
OUt..put Results: 
~ 
Matrix 
Errors Detected: 
Precision 
SP-
SP 
workarea SP 
Precision 
SP 
How Passed 
R4 -T Oth element 
R5 
R7 
How Passed 
R2 -T Oth element 
Units 
units 
Error # 
27 
Cause 
Matrix is singular. 
Fixup 
Return identity matrix. 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: For K = 1, N 
FIND MAXIMAL ELEment in row K to n, cols, K to n 
save it as 'big t pivot element 
save its row # as ISW(K) 
save its col # as JSW(K} 
switch Kth and ISW(K)thxow 
switch Kth and JSW(K)th col 
divide Kth col except for Kth element by - BIG 
reduce matrix 
divide Kth row except for Kth element by big 
replace pivot by reciprocal 
DO K ::;: N-l, 1 
+nterchange JSW(K)tthh and Ktthh rows 
~nterchange ISW(K) and K cols, 
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MMl4S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MMl4S3 Size of Code Area: Hw 
----------
80 
Stack Requirement: ___ 1_8 _ ....;HW Data CSECT Size: Hw 
--------------
2 
o Intrinsic Ii] Procedure 
Other Library Modules Referenced: __ MM __ I_2S_3~,_MM __ I_5_S_N _____________________ ___ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MMl4S3 
Function: Inverts a 3x3 single precision matrix. 
Invoked by: 
~ C~~~iler emitted code for HALlS construct of the form: 
M *' where M is a 3x3 single precision matrix. 
or INVERSE (M) 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Matrix 
output Results: 
~ 
Matrix 
Errors Detected: 
Precision 
SP 
Precision 
SP 
458.8 
How Passed 
R4 + oth element 
How Passed 
R2 + oth element 
Cause Fixup 
units 
Units 
Error # 
27 Attempted inverse of singular matrix. Return an identity 
matrix. 
Comments: 
Registers Unsafe Across Call: FO,FI,F2,F3,F4,F5. 
Algorithm: Explicit code, no loops to calculate: 
ad1 (,)' I I inverse M ::; M ' where adJM~,j ::; detMit3 ,jt3 and M = detM 
uses external determinant routine (MMI2S3) and in event of determinant 
of zero, calls identity matrix routine .(MMI5SN). 
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MM15DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM15DN Size at Code Area: 18 Hw --..::.:::~----
Stack Requirement: ° Hw Data CSECT Size: 
____ 0 _______ Hw 
kJ Intrinsic 0 Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM1SDN 
Function: 
Creates an n x n double precision identity matrix. 
Invoked by: Cd Compiler emitted code for HAL/S construct of the form: 
*0 M , where M is an n x n double precision matrix. 
UU Other Library Modules: MM14DN, MMl4D3 
. 2 
Execution Time (microseconds): 15.6 + S.On + 11.2n 
Input Arguments: 
~ 
Integer (n) 
output Results: 
~ 
JIlatrix(n,n) 
Errors Detected: 
Error {I 
Comments: 
Precision 
SP 
Precision 
DP 
Cause 
How Passed 
RS 
How Passed 
Rl ~ oth element 
Registers Unsafe Across Call: Bl,R4,R5,R6,R7,FO,Fl,F2,F3. 
Algorithm: Uses two nested loops, each counting 1 to n. 
Inner loop compares both loop indices; if equal, 
stores 1.0 at current row/column position; otherwise 
stores 0.0. 
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MM15SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM15SN Size of Code Area: ___ --:1=-4~ __ Hw 
Stack Requirement: o Hw Data CSECT Size: o Hw -----~--------------
I!J Intrinsic o Procedure 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM15SN 
Function: 
Creates an n x m identity matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
M*O h . . 1 . . t . , were M ~s a s~ng e prec~s~on n x n rna r~, 
~ other Library Modules: MM14SN, MM14S3 
Execution Time (microseconds): 
Input Arguments: 
~ 
Integer (n) 
output Results: 
~ 
Matrix (n,n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
Precision 
SP 
2 10.0 + S.2n + 9.6n 
Cause 
How Passed 
R5 
How Passed 
Rl+ othelement 
Registers Unsafe Across Call: Rl,R4,R5,R6,R7,FO,Fl,F2,F3. 
Algorithm: Uses two nested loops, each counting 1 to n. 
Inner loop checks both loop indices; if equal, stores 
Units 
units 
a 1.0 at current rowlcolumn position, otherwise stores 0.0, 
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MM17D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM17D3 Size of Code Area: 
86 
--.------
o 
stack Requirement: 20 Hw 
-------.; Data CSECT Size: ----------~-----
o Intrinsic Ii1 Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM17D3 
Function: Raises a 3 x 3 double precision matri~ to a power. 
Invoked by: GI Compiler emitted code for HALlS construct of the form: 
~I, where M is a 3x3 double precision matrix, and 
I is an integer literal > 1. 
[J Other Library Modules: 
Execution Time (micros3conds): 
Input Arguments: 
~ 
matrix( 3,3) 
Precision 
DP' 
integer (power) 
Matrix(3,3) workarea 
SP 
DP 
Output Results: 
~ 
Matrix (3,3) 
Errors Detected: 
Error # 
Precision 
DP 
(On next page) . 
Cause 
Haw Passed 
R4 + oth element 
R6 
R7 
How Passed 
R2 + oth element 
Comments: Registers Unsafe Across Call: FO,Fl,F2,F3,F4,FS. 
Algorithm: Loads R5 with literal 3 and drops in MM17D
N code. 
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MM17D3 
f.1M17D3 
Execution Time (microseconds): 
Exponent = 2: 991. 6 
(,' 
Exponent > 2: 1071.2 • (# of significant zeros in exponent) 
+ 2137.2 (# of ones in exponent) 
- 2105.8 
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MM17D3 
Secondary Entry Name: MM17DN 
Function: Raises an n x n double precision matrix to a power. 
Invoked by: 
[ill Compiler emitted code for HALlS construct of the form: 
~I, where M is an n x n double precision matrix, and 
I is an integer literal> 1. 
o other library modules: 
Execution Time (microseconclS): 
Input Arguments: 
~ 
Matrbdn,n) 
integer{n) 
inte<;rer(power) 
matr~x(n,n) workarea 
output Results: 
~ 
Matrix (n,n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
SP 
DP 
PJ::ecision 
DP 
(See be).ow) 
Cause 
HoW" Passed 
R4 + oth element 
R5 
R6 
R7 
How Passed 
R2 + Oth element 
rixup 
Units 
Units 
Registers Unsafe Across Call: 
Algorithm: Same as MM17SN. 
FO,Fl,F2,F3,F4,F5. 
REPRODUCIBILfrY OF Tlrr~ 
ORIGINAL PAGE IS PODR 
Execution Time (microseconds): 
3 2 27.8n + 19.4n + 6.2n + 43.4 if power = 2. 
124.2 + TMULT(KA) + TMOVE(KA-l) + 8.6 KB + 3.4 KC if power> 2. 
where: 
TMULT 9.6 + 6.2n + 19.4n
2 
+ 27.8n3 
Y-A ( «* significant l' s in exponent) -1) ·2) + <It of significant 
O's in exponent) 
TMOVE = 10.2 + 11.0n2 
KB total number of significant l' s B.nd 0' 5- in exponent 
KC * of significant l's in exponent. 
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MM17S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MM17S3 Size of· Code Area: 78 Hw 
Stack Requirement: 20 Hw Data CSECT Siz,e': 
o Intrinsic ~ Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MM17S3 
Function: Raises a 3x3 single precision matrix to a power. 
Invoked by: Q Compiler emitted code for HALlS construct of the form; 
*.1 h . M , were M ~s a 3x3 single precision matrix, and 
I is an integer literal> 1. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
matrix (3, 3) 
Precision 
SP 
integer (power) SP 
matrix(3,3) workarea SP 
output Results: 
~ Precision 
I-tatrix SP 
Errors Detected: 
Error # 
Comments: 
(On next page) 
Cause 
How Passed 
R4 + Oth element 
R6 
R7 
How Passed 
R2 + Oth element 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
o Hw 
unjts 
Units 
Algorithm: Loads R5 with literal 3 and drops into MMl7SN code. 
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Execution Time (microseconds): 
exponent = 2: 623.6 
exponent> 2: 681.6 . (# significant zeros in exponents) 
+ 1358.0 . (# ones in ~exponent) 
- 1305.0. 
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MM17S3 
Secondary Entry Name: MM17SN 
Function: Raises an n x n single precision matrix to a power. 
Invoked by: 
G1 Compiler emitted code for HALls construct ()f the form: 
M*I h' . 1 .. " , were M ~s an n x n s~ng e prec~s~on matrix, and 
o 
I is an integer literal > 1. 
Other library modules: 
Execution Time (microseconds): (See below) . 
Input Arguments: 
~ Precision 
matrix (n,n) SP 
integer(n) SP 
integer (power) SP 
matr~x(n,n) workareas SP 
output Results: 
~ Precision 
How Passed 
R4 + Oth element 
RS 
R6 
R7 
How Passed 
Matrix (n,n) SP R2 + Oth element 
Errors Detected: 
Error. it Cause Fixup 
Comments: Registers Unsafe Across'Call: FO,Fl,F2,F3,F4,FS. 
JL-
Units 
Units 
Algorithm: Let 
1) 
2) 
3) 
4) 
S) 
6) 
A = original matrix, R = result matrix, T = temporary matrix. 
R=AA 
locate first one bit in exponent, remove it, remember bit position 
go to step 6 
T = R 
R = T T 
Remove exponent bi·t at current position, increment position. 
If bit was 0 go to step 9. 
7) T = R 
8) R::: T 1>. 
9) If any bits left in exponell"~:, go to step 4, otherwise R is 
complete. 
Execution Time (microseconds): 
if power 2: then lS.6n3 + 15.2n2 + S.8n + 43.8 
if power> 2: same as in MM17DN except 
TMULT 
TMOVE 
10.0 + S.8n + 15.2n2 + l5.6n3 
2 10.2 + 8.6n 
5-172 
INTERMETRICS INCOF~PORATEO • 701 CONCOnO AVENUE' CAMBRIDGE. MASSACHUSETTS 02.138 • (617) 661·1840 
~~~.~ .• """'k_\,,~_ .... _.~_""""~_~'t.~,~,~jJ(r~·!<!r_1.:!.'.fj"~"'·.E"~:l.:::!:::'O"l:.\'::<L':'~ll~~;!::.i~~~.i..!tl~~:±'J':.:.:.1,."-'.~_: __ ,:1rt!.~~~"",",,:"'. _ ..... ,..~B""'~ .. jI ..... "' ................ "~""t"r_ ........... ____ .....;._ 
f'·& 
I 
I, 
MV6DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MV6DN Size of Code Area: 24 Hw 
Stack Requirement: 
-0 Hw Data CSECT Size: ______________ ~Q~HW 
rm Intrinsic 0 Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MV6DN' 
Function: Multiplies a double precision rnxn matrix by a length. n double precision 
vector. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
~ V, where M is an rnxn matrix by a length n, 
V is a length n double precision vector. 
[] Other Library Modules: 
Execution Time (microseconds): 12.0 + m(19.3 + 26.0n) 
Input Arguments: 
!XJ?~ How Passed 
Matrix tmfn) Vector (n, 
Integer (m) 
Integer(n) 
Precision 
DP 
DP 
SP 
R2 -+ottR element 
R3 -+0' element 
R5 
output Results: 
~ 
Vector (Ul) 
Errors Detected: 
Error # 
Comments: 
SP 
Precision 
DP 
Cause 
R6 
How Passed tn Rl -+0 element 
Fixup 
Units 
Units 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,R6,R7,FO,Fl,F2,F3,F4,FS. 
Algorithm: Uses 2 nested loop, outer loop 
inner loop summing products of 
row elements. 
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MV6D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MV6D3 Size of Code Area: 22 
Hw 
--::.:.:::...-----
OlHw 
-------..; Data CSECT Size: o Hw -------stack Requirement: 
m Intrinsic o Procedure 
Other Library Modules Referenced: _N_O_N_E _________________
 _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MV6D3 
"'r"1"' ';. 
.!...!i . .r 
Function: Multiplies a 3x3 double precision matrix by a length 3 double
 precision 
vector. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
~ V, where M is a double preckskon 3x3 matrix, 
V is a double precision 3-vector. 
[J Other Library Modules: 
Execution Time (microseconds): 304.4 
Input Arguments: 
~ Precision 
DP 
How Passed Units 
Matrix (3,3) 
Vector (3) 
output Results: 
~ 
Vecto:r(3) 
Errors Detected: 
Error # 
Comments: 
DP 
Precision 
DP 
Cause 
R2 + 0 th element 
R3 + 0 th element 
How: Passed 
th RI +0 element 
Fixup 
Units 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3. 
Algorithm: Uses 2 nested loops, outer loop selecting rows of matrix, 
inner loop summing products of vector elements with current 
row elements. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MV6SN Size of Code Area: lS Hw 
Stack Requirement: a Hw Data CSECT Size: a Hw 
----------~-----
ri!I Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MV6SN 
Function: Multiplies a single precision mxn matrix by a length n single precision 
vector. 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form: 
* -M V, \'lhere M is an rnxn single precision matrix, 
O V is a length n single precision vec'tor. Other Library Modules: 
Execution Time (microseconds): 11.2 + m(ll.a + IS.4n) 
Input Arguments: 
'l'SP~ MauT'x (m,n) 
Vector (n) 
Integer(m) 
Integer(n) 
output Results: 
~ 
Vector (m) 
Errors Detected: 
Error # 
Comments: 
Precision 
- SP 
SP 
SP 
SP 
Precision 
SP 
cause 
How Passed 
R2 + a t hh element R3 + at element 
R5 
R6 
How Passed 
Rl+ ath element 
Fixup 
Units 
units 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,Fa,Fl,F2,F3,F4,F5. 
Algorithm: Exchange contents of Rl and R3 for more efficient addressing. 
Uses 2 n~,ted loops, outer loops selecting rows of matrix, 
inner loop summing products of vector elements with current 
row elements. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
MV6S3 1 
Source Member Name: MV6S3 Size of Code Area: 20 Hw 
------...:::.:::.. 
Stack Requirement: o Hw Data CSECT Size: o Hw -------------~~ 
~ Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MV6S3 
Function: Multiplies a 3x3 single precision matrix by a length 3 single precision 
vector. 
Invoked by: 
mJ Compiler emitted code for HALlS construct of the form: 
~ V, where M is a single precision 3x3 matrix, 
V is a single precis~on 3-vector. 
[] Other Library Modules: 
Execution Time (microseconds): 137.6 
Input Arguments: 
~ 
Matrix (3,3) 
Vector (3) 
output Results: 
~ 
Vector(3) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2+0th element 
R3 + oth element 
How: Passed 
tn R1 +0 element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,FO,F1,F2,F3. 
units 
Units 
Algorithm: Loops 3 times, each pass summing product of vector elemr.mts with 
current row elements and storing result in ~roper element output 
vector. 
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VM6DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VM6DN Size of Code Area: 26 Hw 
Stack Requirement: 0 Hw Data CSECT Size: o Hw --------------~~ 
rn Intrinsic 0 Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VM6DN' 
Function: Multiplies length n double precision vector and nxm double precision 
matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the' form: 
- * V M where V is a double precision n-vector, n "I 3., 
M is a double precision man matrix, n,. 3~ 
[] Other Library Modules: 
Execution Time (microseconds): 23.2 + m(23.2 + 27.6n) 
Input Arguments: 
How Passed ~ 
Vector (n) 
Matrix (n,m) 
Integer(m) 
Integer(n) 
Precision 
DP 
DP 
SP 
R2 +otg element 
R3 +ot element 
R6 
output Results: 
~ 
Vecto~m) 
Errors Detected: 
Error # 
Comments: 
SP 
Precision 
DP 
Cause 
R5 
How Passed 
Rl +oth element 
Fi:xup 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,R6,R7,FO,Fl,F2,F3,F4,F5. 
Algori Hun: Uses 2 nested loops: 
Outer loop selects matrix column. 
units 
Units 
----
Inner loop sums products of vector elements with matrix ClOWlli~ 
elements. 
5-177 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETIS 02138 • (617) 661-1840 
F'; 
, .. 
( 
I 
t 
f 
VM6D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VM6D3 Size of Code Area: 24 Hw 
Stack Requirement: o Hw Data CSECT Size: ____ ~--__ ~ __ --~o Hw 
IX] Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VM6D3 
Function: Multiplies a length 3 double precision vector by a 3x3 double 
precision matrix. 
Invoked by: Gil Compiler emitted code for HALlS construct of the form: 
-* 
V M, where V is a double precision 3-vector, 
M is a double precision 3x3 matrix. 
[] Other Library Modules: 
Executi~ Time (microseconds): 227.8 
Input Arguments: 
How Passed ~ 
Vector (3) 
Matrix (3,3) 
Precision 
DP 
DP 
R2 -r oth element 
R3+ oth element 
output Results: 
~ Precision How Passed 
Vector (3) DP Rl -roth element 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,FO,Fl,F2,F3,F4,FS. 
Algori thm: Saves pointer to input vector (R2) so that R2 can be used 
units 
units 
to address both input vector and matrix by appropriate loading. 
Loops 3 times: 
Loads elements of vector into FO ,F2 ,F4; 
Switches R2 to point to matrix; 
Sums products of column elements with vect6r elements; 
Restore R2 to point at vector; 
Make nex'c pass. 
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VM6SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VM6SN 22 Hw 
--..--;;.;;...----Size of Code Area: Source Member Name: 
Stack Requirement; ° Hw Data CSECT Size: ____________________ O_HW 
I[) Intrinsic o Procedure 
Other Library Modules Refe.renced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VM6SN 
Function: Multiply a length n single precision vector by a nxm single 
precision matrix 
Invoked by: fiD Compiler emitted code for HALlS construct of the form: 
V~, where V is a single precision n-vector, n t 3, 
M is a nxm matrix, n t 3. 
[J Other Library Modules: 
Execution TLme (microseconds): 
Input Arguments: 
~ Vectorrn) 
Matrix(n,m) 
Integer(m) 
Integer(n) 
output Results: 
~ 
Vector(m) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP SP 
SP 
Precision 
SP 
12.4 + m(19.2 + 18.2n) 
Cause 
Hmo( Passed 
R2 +Oth element 
R3 +oth element 
R6 
R5 
How Passed 
Rl +oth element 
Units 
units 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl,F2,F3,F4,F5. 
Algori tlun: Uses 2 nested loops; outer loop selecting matrix column , 
inner loop performs summation of products of vector elements 
and matrix column elements • 
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VM6S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VM6S3 Size of Code Area: 16 Hw 
--;:;;..;..----
Stack Requirement: o Hw Data CSECT Size: o Hw ------~ 
£it Intrinsic o Procedure 
Other Library Modules Referenced: _~N:.:.:O~N;:,;E"'--__ ,.". ____________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VM6S3 
Function: Multiplies a length 3 single precision vector by a 3x3 single 
precision matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
- * h V M,w ere V is a single precision 
M is a single preCision 
[J Other Library Modules: 
Execution Time (microseconds): 141;2 
Input Arguments: 
~ 
Vector(3) 
Matrix(3,3) 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Precision 
SP 
SP 
Precision 
SP 
3-vector, 
3x3 matrix. 
How Passed 
R2 +0 th element 
R3 +oth element 
How Passed 
Rl+ Oth element 
Error # Cause 
Comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,FO,Fl,F2,F3. 
Algorithm: Uses ohe loop, looping three times, each pass 
Units 
Units 
addressing new column of matrix for explicit multiplication 
and summing, by elements of vector and storing into result. 
Rl is setup to contain both input matrix and output vector pointer 
in its two halves. Thencircular shifts are used to place 
appropriate poihter into high HW for use as base. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
V06DN 
Source Member Name: V06DN Size of Code Area: ____ .!:2~O __ Hw 
Stack Requirement: ____ O_-.;HW Data CSECT Size: o Hw 
--------
ECJ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: V06DN 
Function: Performs vector outer product of two double precision 
vectors. 
Invoked by: 
fi] Compiler ~mitted code for HALlS construc'c of the form: 
VI V2, where VI and V2 are double precision n-vectors, n ~ 3. 
[] other Library Modules: 
Execution Time (mil.:)roseconds): 12.8 + n (5.8 + 24. 4m) 
Input Arguments: 
~ 
vecnar(n) 
vecuor(m) 
integer(n) 
integer{m) 
output Results: 
~ 
Matrix(n,m) 
Errors Detected: 
Error # 
---
Comments: 
Precision 
Dl' 
DP 
SP 
SP 
Precision 
DP 
Cause 
Ho\'l Passed 
R2 + offi element 
R3 + oth element 
R5 
R6 
How Passed 
Rl + oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl,F4,F5. 
Algorithm: Uses two loops on size of matrix(n): 
Inner loop multiplies element of VI by each element of 
V2 creating a row of result matrix. 
outer loop moves to next element of VI and moves 
pointer to next row of result matrix. 
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V06D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source ,Member Name: V06D3 Size of Code Area: 
22 Hw 
--------
-
Stack Requirement: o Hw Data CSECT Size: 
___
__ 0.:....-__ Hw 
f] Intrinsic o Procedure 
other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: 
V06D3 
Function: Computes vector outer product of length 3 double precision ve
ctors. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form; 
VI V2, where VI and V2 are double precision 3~vectors! 
o Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Vector(3) 
Vector( 3) 
Output Results: 
~ 
Matrix (3,3) 
Errors Detected: 
Error '# 
Comments: 
Precision 
DP 
DP 
Precision 
DP 
251.0 
Cause 
HoW' Passed 
R2 + Oth elem~nt 
R3 + Oth element 
How Passed 
Rl + Oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,FO,Fl. 
Algorithm: Same algorithm as V06DN except that loop extents are 
set to literally 3. 
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~06SJ~. 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
V06SN Size of Code Area: Source l-1ember Name: 20 Hw -----~~--
Stack Requirement: o Hw Data CSECT Size: _______ ~O~ ___ Hw 
rn Intrinsic o Procedure 
Other Library Modules Referenced: None. 
EN'l'RY POINT DESCRIPTIONS 
Primary Entry Name: ____ -.;v:06SN 
Function: Calculates vec:;or outer product of 2 single 
precision vectors, 
Invoked by: GJ Compiler emitted code tor HAL/S construct of the form: 
VI V2, where VI and V2 are single precision n-vectors, n " 3, 
o Other Library Modules: 
Execution Time (microseconds)-: 14.2 + n(5.8 + l4.4m) 
Input Arguments: 
~ 
vector(n) 
vector (m) 
integer(n) 
integer(m) 
Output Results: 
~ 
Matrix(n,m) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
SP 
SP 
Precision 
SP 
Registers Unsafe Across Call: 
Algorithm: Same as V06DN 
Cause 
How Passed 
R2 + Oth element 
R3 + oth element 
R5 
R6 
How Passed 
------
Rl + oth element 
Rl,R2,R3,R4,R5,R6,R7,FO,Fl,F4,F5. 
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V06S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: V06S3 size of-Code Area; 20 
---"------
Hw 
Stack Requirement: o ____ ~-.;Hw Pata CSECT Size: Hw 
----------------
o 
e Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: V06S3 
Function: Calculates vector outer produce of 2 single precision length 
3 vectors. 
Invoked by: Q Compiler emitted code for HALlS construct of the form: 
V1 V2, where V1 and V2 are Single precision 3-vectors, 
[] other Librar¥ Modules: 
Execution Time (microseconds): 160.6 
Input Arguments: 
'ryp~ 
vect:'or (3) 
Vector (3) 
output Results: 
~ 
Ma tr ix (3, 3 ) 
Errors Detected: 
E!rror II 
Comments: 
Precision 
-~-. 
SP 
Preci30n 
SP 
Cause 
How Passed 
R2 + bth element 
R3 + oth element 
How Passed 
- -
Rl + oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,RS,R6,FO,Fl. 
Algorithm: Same algorithm as V06DN except that loop extents 
are set to literally 3. 
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VVODN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
WODN Size of Cooe Area: Hw 
-----..--
Source Member Name: 
Stack Requirement: ___ ....;O~_.....;;HW Data CSECT Size; ,0 Hw ---------~~---
[] Intrinsic o Procedure 
Other Library Modules Referenced: _N.;...o_n-.;e-.;,.:..-. _____________ .-=-'-
ENTRY POINT DESCRIPTIONS 
Primary Entry Name; 
Function: 
VVODN 
Generates a double precision vector of length. n t all of whose elements 
are the same. 
Invoked by: . GJ Compiler emitted code for HAL/S construct of the form: 
v = S, where V is a d01.1ble precision vector, S is a double precision 
(i] other Library Modules: 
WIOD3 
Execution Time (microseconds): 
Inp\lt ArgUITlen ts: 
!Y~ 
Scalar 
Integer(n) 
Output Results: 
~ 
Vector(n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
Precision 
DP 
scalar. 
7.0 + 5.1n 
Cause 
How Passed 
FO 
RS 
Hmol Passed 
Rl + Oth element 
Registers Unsafe Across Call: Rl,R4,R5,FO,Fl, 
Algorithm: Uses loop counting down length (n)1 stores input scalar 
into one element of vector on each pass through loop. 
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WODNP 
H~/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VVODNl?;r- Size of Code Area: 6 
---------
Stack Requirement: o o Hw 
- ...... ----..; Data CSECT Size: 
l!I Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Ent~y Name: VVODNP 
Function: Fills a column of a double precision matrix with a double 
precision scalar. 
Invoked by: Ga Compiler emitted code for HALlS construct of the form: 
M ~ 0; where M is a double precision matrix , 
Tt, * 
[] Other Library Modules: 
Execution Time (mic%oseconds): 7.0 + 7.2n 
lnput Arguments: 
Type 
Scalar 
Integer (outdel) 
Integer (length) 
output Result:;: 
~ 
Vector (length) 
Errors Detected: 
Error # 
Comments: 
P>:ecis.lon 
---op--
SP 
SP 
Precision 
DP 
Cause 
-
How Passed 
FO 
R7 
R5 
How Passed 
RI + oth element 
Fixup 
Registers Unsafe Across Call: Rl,R4,RS,R7,FO,FI. 
Algorithm: Loops 'length' times; 
Each pass through loop stores input scalar into vector 
element pointed to by Rl and then increments Rl by outdel. 
REPRODUCIBILITY OF THE 
..... \L II noon OR1r~Pj 0.. .; .. , ji~'. 'J;U 
5-186 
Hw 
Hw 
Units 
lNIEAMETRICSlt-JCQRPORATED· 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
r 
• 
l 
1 
1 
l , 
l 
I 
j 
:C~·r· 
L 
, ,. 
WOSN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
6 VVOSN Size of Code Area: Hw 
----~,---Source Member Name: 
Stack Requirement: o Hw Data CSECT Size: o Hw 
fi] Intrinsic o Procedure 
Other Library l>1odules Referenced: None 
ENTRY POINT DESCRIPTIONS 
primary Entry Name: , VVOSN 
Function: Generates a vector of length n, all' of whose elements are the same, 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
V = S , where V is a single precision vector; S is a single precision 
GU Other Library Modules: 
VVIOS3 
Execution Time {microseconds}: 7.0 + 5.6n 
Input Arguments: 
~ 
Scalar 
Integer(n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
SJ? 
C~use 
scalar, 
How Passed 
FO 
R5 
How Passed 
Rl + oth element 
Fixup 
Registers Unsafe Across Call: Rl,R4,R5,FO,Fl. 
Algorithm: Uses loop counting down length of vector (n)i Stores 
input scalar into one element of vector on each pass 
thl:ough loop, 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VVOSNP 
Source Member Name: WOSNP Size of Code Area: __ ~6 ____________ HW 
Stack Requirement: o Hw o Data CSEcT Size: Hw 
-----------------
~ Intrinsic o Procedure 
Other Library Modules Referenced: _N_o_n_e_. ______________ ~~--__.--------~----
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: WOSNP 
Function: Moves a single precision scalar to all elements of a 
column of a single precision matrix. 
invoked by: GO Compiler emitted code for HALlS construct of the form: 
M =, Oi where H is a single precision matrix • 
n, * 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Scalar 
I11teger (outdel) 
Integer (length) 
output Results: 
~ 
Precision 
Sl? 
SP 
SF 
7.0 + 6.0n 
How Passed 
FO 
R7 
R5 
How Passed 
Vecto:r. (length) 
Precision 
SJ? Rl ~. oth element 
Errors Detected: 
Error # Cause Ji'ixup 
Comments: 
Registers Unsafe Across call: Rl,R4.,R5,R7,FO,Fl. 
Algorithm: Loo.ps 'length I ·t.imes; 
Each pass through loop·stores input scalar into vector 
element pointed to by Rl and then increments Rl by outdel. 
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VVIDN 
HAL/S-FC LIBRARY ROUTINE DESCRlPTION 
Source Member Name: VVION Size of Code Area: ________ B-------aw 
Stack Requirement: o Hw Data CSECT Size: o. Hw ~------' 
----------------
(]) Intrinsic o Procedure 
other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVIDN 
Function: Moves a length-n double precision vector. 
(Also used to move matrices) • 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form; 
X = i, where X is a length-n double precision vector, 
y is a length-n double precision vector, 
[] Other Library Modules: 
Execution Time (microseconds): 4.2 + lO.2n 
Input Arguments: 
'l'yp_e 
Vecwx; (n) 
Integer(n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Comments: 
precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2+ oEn element 
R5 
How Passed 
Rl + oth argument 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl. 
Algorithm: 
LoOp n times; using indexing, BCTB on length; load and store 
each element, last element first. 
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WlD3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTIO~ 
Member ~ame: WID3 Size 14 Source Of Code Area; 
--------
0 Hw CSECT Size: o Stack Requirement: Data 
--~------------
mJ Intrinsic 0 Procedure 
Other Librqry Modules Referenced: 
E~TRY POINT DESCRIPTIONS 
Primary Entry Name: WlD3 
Function: Moves a double precision 3-vector. 
Invoked by: IK1 Compile17 emitted code for HALlS construct of the form: 
X "" Y, where X and Yare double precision 3-vectors 
[J other Library Modules: 
Execution Time (microseconds): 25.2 
Input Arguments: 
~ 
Vector(3) 
output Results: 
~ Vector(3) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
Precision 
DP 
Cause 
How Passed 
R2 + oth element 
How passed 
Rl + otfi element 
Registers Unsafe Ac:ross Call: Rl,R2,R4,FO,Fl,F2,F3,F4,FS. 
Algorithm: Load f then store each element. 
Fixup 
REPRODUCIBILITY OF ~E 
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VVID3F 
HAL/S-~C LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VVlD3P Size of Code Area: 18 Hw 
Data CSECT Size: o Hw St.ack Requirement: _~ __ O_~HW 
---------------
rn Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVID3F 
Function: Moves a length 3 double precision vector or row or column of a 
mat~ix to a vector or row or column of a matrix. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
V = M , where M is a 3x3 matrix and V is a 3-vector. 1,* 
[JOther Library Modules: 
Execution Time (microseconds): 46.0 if neither input nor output is contiguous. 
48.4 if either input or output is contiguous. 
Input Arguments: 
~ 
Vector\3) 
Integer (Indel) 
Integer (Outdel) 
output Results: 
~ 
Vector(3) 
Errors Detected: 
Error # 
Precision 
DF 
SP 
SF 
Precision 
DP 
Cause 
How Passed 
R2 -+ 6th el.mnent 
R6 
R7 
How Passed 
Rl -+ oth element 
Units 
Fixup 
comments: Performs single setup of size and then uses VVlDNP. 
Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,Fl. 
Algo:t"ithm: Initialize RS with literal 3; Fall into VVlDNF routine; 
R6, R7 specify distance in HW between input and output vector 
elements, respectively. 
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Secondary Entry Name: VVIDNP 
Function: Moves length n double precision vector or row or column of 
a matrix to a row or column vector. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
V = 11 , where M is an nxm matrix, V is an n-vector. 
1,* 
[J Other library modules: 
Execution Time (microseconds): 11.4n + 10.2 if neither input nor output is 
contiguous. 11.4 + 12.6 if either input or output is contiguous. 
Input Arguments: 
~ 
Vector (n) 
Integer (Indell) Integer (Outde 
Integer (n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP SP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + oth element 
R6 
R7 
R5 
How Passed 
Rl -+ oth element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,Fl. 
units 
-
Units 
Algorithm; Tests outde1, of 0, sets it to 4(HW)i Tests indel, if 0, sets it 
to 4(HW)i Loops 'length' times, adding indel to input pointer and 
outdel to output pointer each time. Each loop moves current input 
element to current output element. 
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WI~ r 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VVISN Size of Code Area: _____ 8 ___ Hw 
Stack Requirement: o Hw Data CSECT Size: 
[iJ Intrinsic o Procedure 
Other Library Modules Referenced; None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVISN 
Function: Moves a length-n single precision vector • 
(Also used to move matrices). 
Invoked by: 
o Hw 
------------------
GdCompiler emitted code for HALlS construct of the form: 
. VI = V2, where VI and V2 are single precision vectors of length n. 
[] Other Library Modules: 
Execution Time (microseconds): 4.2 + 7.8n 
Input Arguments: 
~ Precision How Passed 
Vector (n) SP R2 + oth element 
Integer(n) SP RS 
output Results: 
!.Yl?2. Precision How Passed 
Vector (n) SP RI + oth element 
Errors Detected: 
Error # Cause Fixup 
Comments; 
Registers Unsafe Across Call: RI,R2,R4,R5,FO,FI. 
Algorithm: Loop n times using indexing and BCTB on length. Load, then 
store each element, last element first. 
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VV1S3 
H1~/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Nam~: VV1S3 
Size of Code Area: 8 
Hw 
,-.-:.:.----
o 
Stack Requirement: o Hw 
Data CSECT Size: ----------~----
[) Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV
1S3 
o Procedure 
None. 
Function: Vector move, length 3, sin
gle precision. 
Invoked by: [J ~mpi::r emitted code for HALlS construct of the form; 
Vl = V2, where Vl and V2 are single p
recision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds): 16.8 
Input Arguments: How Passed 
~ 
Vector (3) 
Precision 
sp . R2 ~ Othelement 
OUtP1,lt Results: 
~ 
Vector (3) 
Errors Detected: 
Error"# 
None 
Comments: 
Precision I 
SP 
Gause 
How Passed 
Rl ~ Ofh element 
Fixup 
Registers Unsafe Across Call: Rl,R2
,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: Simple Load-S
tore sequence for each element. 
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VVIS3P 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV1S3P Size of· Code Area: 14 Hw 
--------
Stack Requirement: 0 Hw Data CSECT Size: 0 Hw 
-----------------
(iJ Intrinsic 0 Procedure 
Other Library Modules Referenced: None 
EN'l'RY POINT DESCRIPTIONS 
Primary Entry Name: VVIS3P 
Function: Moves an SP 3-vector (or row or colUll\n of a matrix) to 
a 3-vector (or row or co1Ull\n of a matrix) when elements are not contiguous. 
Invoked by: Oil Compiler emitted code for HALlS construct of the form: 
V = M 1,* , where r1 is V is 
o Other L.i.brary t-1odules: 
a 3x3 matrix, and 
a 3-vector. 
Execution Time (microseconds): 38.4 if neither input nor output is contiguous. 
40.8 if either input or output is contiguous. 
Input Arguments: 
~ 
Vector(3) 
Integer (indel) 
Integer (outdel) 
output Results: 
~ 
Vector(3) 
Errors Detected: 
Error # 
None. 
Precision 
SP 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
R6 
R7 
How Passed 
Rl + oth element 
Comments: Performs simple setup of size for USe by VVISNP code. 
Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,Fl. 
Algorithm: Initialize RS with literal 3; 
Fall into VVISNP routine; 
Units 
Hw 
H\'I 
Units 
R6, R7 specify distance in HW between input and output vector 
elements respectively .. 
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VVlS3P 
Secondary Entry Name: VVISNP 
Function: Moves a length-n single precision. 
Invoked by: 
Cd Compiler emitted code for HALlS construct of the form: 
V = M, where M is an n x m matrix, and V is an n-vector. 
1,* 
o other library modules: 
Execution Time (microseconds): 8. 6n. + 10.2 if neither input nor output is 
contiguous. 8. 6n + 12.6 if either input or output. is contiguous. 
Input Arguments: 
~ 
vector(n) 
Integer (indel) 
Integer (outdel) 
Integer (length) 
output Results: 
~ 
Vecto:r:{n) 
Errors Detected: 
Error # 
None 
Precision 
SP 
SP 
SP 
SF 
Precision 
SP 
Cause, 
How Passed 
R2 + oth element 
R6 
, R7 
R5 
How Passed 
Rl + oth element 
comments: Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,Fl. 
Algorithm: Tests outded, if 0, sets it to 2 lha1hlOrds). 
Tests indel, if 0, sets it to 2 (ha1fwords), 
Loops 'length' times, adding inde1 to input pointer and 
<;lUtde1 to output pointer each time. Each loop moves 
current input element to current output element. 
~ 
Hw 
Hw 
Units 
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VVITN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ,VVlTN Size of Code Area: ____ -..:8;:...-_ Hw 
Stack Requirement: o Hw 
-------' 
Data CSECT Size: , __________ ~O ____ HW 
EJ Intrinsic o Procedure 
Other Library Modules Referenced: 
~NTRY POINT DESCRIPTIONS 
Primary Entry Name: 
Function: Moves a length n double precision vector and converts it to single 
precision. (Also ueed to move matrices) , 
Invoked by: 
~Compiler emitted code for HALlS construct of the form: 
VI = V2., where V2 isa length n double precision vector and VI is a 
single precision vector of declared length n. 
[JOther Library Modules: 
Execution Time (microseconds): 4.2 + '"',On 
Input Arguments: 
~ Precision How Passed Vector (n) DP R2 + otn element' 
Integer(n) SF RS 
output Results: 
~ Precision How Passed 
Vector (n) SF RI + oth element 
Errors Detect.ed: 
Error # Cause Fixup 
Conunents: 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl. 
Algorithm: Using indexing and BCTB on length, loops, loading long and 
storing short, last element first. 
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WIT3 
HAL/S-FC LIB~¥ ROUTINE DESCRIPTION 
Source Member Name: VVIT3 Size of Code Area: 12 Hw 
o Hw 
------, 
Data CSECT Size: o Hw stack Requirement: 
I!J Intrinsic o Procedure 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
primary Entry Name: VVIT3~ 
Function: Moves a length 3 double precision vector and converts it to 
single precision. 
Invoked by: GJ Compiler emitted code for HALlS construct of, the form: 
VI = V2, where VI is a single precision 3-vector, and 
V2 is a double precision 3~vector. 
o Other Library Modules: 
Execution Time (microseconds): 21.2 
Input Arguments: 
~ 
Vector (3) 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
Cause 
How Passed 
R2 '? oth element' 
How Passed 
Rl + oth element 
Regis'ters Unsafe Across Call: Rl,R2,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: Simple Load/Store for each element. 
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WIT3P 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: WIT3P Size of Code Area: 14 Uw 
o Hw Data CSECT Size: o Hw Stack Requirement: 
-----------------
El Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: WIT3P 
o Procedure 
NONE 
Function: Moves a length 3 double preC~Slon vector or .row or column of a matrix 
to a single precision vector or row or column of a matrix. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
V=M l ,* Where V is a single precision 3-vector and M is a double precision 3x3 matrix. 
[] Other Library Modules: 
Execution Time (microseconds): 38.4 if neither input nor output is contiguous. 
40.8 if either input or output is contiguous. 
Input Arguments: 
~ Vector(3) 
Integer (indel) 
Integer (outdel) 
OUtput Results: 
~ 
Vector(3) 
Errors Detected: 
Error # 
Comments: 
Precision 
OP 
SP 
SP. 
Precision 
SP 
Cause 
How Passed 
R2 -+otri element 
R6 
R7 
How Passed 
Rl -+oth element 
Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,Fl. 
Algorithm: Loads R5 with literal 3, 
Falls into VVlTNP routine. 
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Secondary Entry Narne: VV1TNP 
Function: Moves a double p;,ecision length. arrow column vector to a single precision 
length or row or column vector. 
Invoked by: 
t3 Compiler emitted code for H~/S construct of the form: 
V=M
1
,* Where V is a declared lenth n single precision vector and 
M is a double precision nxm matrix. 
o Other library modules: . 
Execution Time (microseconds): 8.6n + 10.2 if neither input nor output is 
contiguous. 8.6n + 12.6 if either input or output is contiguous. 
Input Arguments: 
~ 
Vector (n) 
Integer (outde1) 
Integer (indel 
Integer In) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Conunents: 
Precision 
DP 
-sp 
SP 
sp 
Precision 
sp 
Cause 
How Passed 
R2 -+oth element 
"It7 
R6 
RS 
How Passed 
R1 -+ Oth elE"..ment 
Fixup 
Registers Unsafe Across Call: Rl,R2,R4,RS,R6,R7,FO,Fl. 
Algori thm: If outde1=0, set to 2 (HW); 
If indel=O, set to 4(HW)i 
rlOOpS 'length' times, adding indel to input pointer and 
outdel to output pointer each time. Each loop moves cUl;'rent 
input element to current output element. 
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VV1WN . 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
W1WN 10 Source Membet' Name: Size of Code Area: 
Hw 
~-------
stack Requirement: o Hw Data CSECT Size: 
___
__ 0.;;...... ___ Hw 
[X) Intrinsic o Procedure 
Other Libt'ary Modules Referenced: 
None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVIWN. 
Function: M oves a length-n single prec~s~on vector and converts it to double 
precision. (Also used to move matrices), 
Invoked by: 
mJ Compiler emitted code for HALlS construct of the form: 
X = V, where Y is a single precision length n vector, 
X is a double precision length n vect6r~ 
[J Other Library Modules: 
Execution Time (microseconds): 8.4 + 9.0n 
Input Arguments: 
~ 
Vector (n) 
Integer (nO 
output Results: 
~ 
Vector(n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
----DP 
How Passed 
R2 + Oth element 
R5 
How Passed 
RI + Oth element 
Cause Fixup 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl. 
units 
.-
units 
Algorithm: Clear FOr Fl. Loop using indexing on BCTB, last element first. 
Load short element into FO, Store long FO/FI element. 
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WlW3 
HAL/S-FC LIBRARY ROUTINE DESCRtPTION 
WlW3 Size of Code Area: 12 UW ,......;~------Source Member Name; 
Stack Requirement: o Hw Data CSECT Size: o 
() Intrinsic o Procedure 
Other Library 1-1odules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: WlW3 
Function: Moves a length 3 single precision vector and converts it to 
double precision. 
Invoked by: 
(] Co~il.:.r emitted code for HALlS construct of the form: 
X ~ Y, where Y is a single precision 3-vector, and 
X is a double precision 3-vecto:r:. 
[] Other Library Modules: 
Execution Time (microseconds): 23.8 
Input Arguments: 
~ Precision How Passed 
vector(3) SP R2 + oth element 
output Results: 
~ Precision How Passed 
Vector(3) DP Rl + oth element 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: Rl,R2,R4,FO,FI. 
Algorithm: Clears Fl; 
Units 
Units 
Then explicit code to load (SP) each element of input 
vector and store (DP) into each element of result vector. 
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VVIW3P 
HAL/S-FC LIBRARY ROUTINE OESCRIPTION 
Source Member Name; WIW3P Size of Code Area; 18 Hw 
--------
Stack Requirement: ° Hw Data CSECT Size: 
______ 0 __ Hw 
I[) Intrinsic 0 Procedure 
Oth~r Library Modules Referenced: __ N_o_n_e ______ --____________ ------~----------
ENTRY POINT DESCRIPTIONS 
Prima~1 Entry Name: VVlW3P 
FunctIon: Moves a single precision length 3 vector or row or column of a 
matrix, to a double precision vector or row or column of a matrix. 
Invoked by: lliJ Compiler emitted 
V = Ml ' where 
,* 
code for HALlS construct of the form: 
V is a double precision 3-vector, M is a single 
precision 3x3 matrix. 
[] Other Library Modules: 
Execution Time (microseconds): 44.8 if neither input nor output is contiguous. 
47.2 if either input or output is contiguous. 
Input Arguments: 
~ Vector (3) 
Integer (indel) 
Integer (outdel) 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Error # 
Precision 
SP 
SP 
SF 
Precision 
DF 
Cause 
How Passed 
R2 ~ oEh element 
R6 
R7 
How Passed 
Rl + oth element 
Fixup 
Comments: Sets up length for use by VV:lWNP. 
Registers Unsafe Across Call: RI,R2,R4,RS,R6,R7,FO,FI. 
Algorithm: Loads RS with literal 3, falls into WISNF. 
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Secondary Entry Name: VV1WNP 
Function: Moves a length n s~gle precision row or column vector to a 
double precision column vector. 
Invoked by: 
rna Compiler emitted code for HALlS construct of the form; 
V = M , where V is declared as a length n double precisian vector, and 
1,* . . 1 " t . M 1S an nxm s1ng e prec1s1on ma r~. 
o other library modules: . 
Execution Time (microseconds): 10.2n + 15.0 if either input or output is 
contiguous. 10.2n + 12.6 if neither input nor output is contiguous. 
Input Arguments; 
~ 
Vector(n) 
Integer foutdel) Integer ~ndel) 
Integer n) 
output Results: 
~ 
Vector(n) 
Errors Detected: 
Er,ror # 
Comments: 
Precision 
SP 
SP 
SP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + 6tn element 
R7 
R6 
R5 
How Passed 
Rl + oth element 
Registers Unsafe Across Call: Rl,R2,R4,R5,R6,R7,FO,F!. 
Units 
Fixup 
Alg or.i'tlun: Clears Fl. If outdel := 0, set to 4 (HW); if indel = 0, set to 2 (HW) : 
Loop 'length' times, adding indel to input pointer and outdel to 
output pointer each time. Each loop moves current input 
element to current output element. 
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VV2pN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: W2QN Size of Code Area: 14 Hw 
--....... _-----
stack Requirement: o Hw Data CSECT Size: o Hw 
-----------------
~ Intrinsic o Procedure 
Other Library Modules Referenced: -:.;N;;.O,::N=E:.....-_________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: W2DN' 
Function: Add two double precision vectors of lenth n. 
(Also used to move add Inattices) • 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form; 
Vl+V2,where VI and V2 are double precision vectors of length ~ 3. 
[] Other Library Modules: 
Execution Time (microseconds): 8.8 + 20.6n 
Input Arguments: 
~ Vector (n) 
Vector (n) 
Integer(n) 
output Results: 
~ 
Vector (n) 
Errors Detected; 
Error # 
Comments; 
Precision 
DP 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 +Oth element 
R3 +Oth element 
R5 
How Passed 
Rl->-oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Units 
Units 
Algorithm: uses indexing in load, add, store sequence controlled by ECTB on 
length. 
Loading of an element is done with two LE instructions instead 
of on LED due to addressing inadequacies of R3 which is the input 
pointer. 
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VV203 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV203 
-------
Size of Code Area: __ ...;2 .... 2 ____ - Hw 
Stack Requirement: o Hw Data CSECT Size: 
___
___
__ 0_ Hw . 
OJ Intrinsic o Procedure 
Other Library Modules P,eferenc~d: _N~O~N~E=-________________________________ ___
 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: _W..;..._2_P_3 ____________ _ 
Function: Adds two d01,lb;Le precision 3-vectors. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
Vl + V2, where VI and V2 are double precision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds)~ 51.4 
Input Arguments: 
~ 
Vector (3) 
Vector (3) 
output Results: 
~ 
Vector (3) 
Errors petected: 
Error # 
Comments: 
Precision 
OP 
OP 
Precision 
OP 
Cause 
HoW Passed 
R2 -+oth element 
R3 -+oth element 
How Passed 
Rl -+ oth element 
rixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,FO,Fl,F2,F3,F4,PS. 
Units 
units 
Algorithm: Loads FO,F2;F4 with first half of each elemnt of V2\'Oue to addressing 
Loads Fl,p3,FS with second half of each elemnt ofV2(peculiarities of R3 
Adds double from Vl to FO, F2, F47 
stores double into elements of result. 
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VV2SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV2SN Size of COde Area: 10 Hw 
-------
Stack Requirement: 0 Hw Data CSECT Size: _____ ~_o.:;.-. Hw 
m Intrinsic o Procedure 
Other Library Modules Referenced: ~N~O~N~E~ ________________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: . ___ VV_~2~SN~ ________ ___ 
Function: Add two single precision vectors of lenth n • 
(Also used to add two matrices). 
Invoked by: GJ Compiler emitted code for HALlS construct of the fo~m: 
VI + V2,where VI and V2 are single precision vectors of lenthr 3_ 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Vector (n) 
Vector (n) 
Integer(n) 
OUtput Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SF 
SF 
Precision 
SF 
8.4 + l3.6n 
Cause 
How Passed 
R2 + oth element 
R3 +Oth element 
R5 
How Passed 
Rl +oth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Units 
Units 
Algorithm: Uses indexing in load, Add, Store sequence controlled by BCTB 
on lenth. 
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HAL/S-FC LIBR.f\RY ROUTINE DESCRIPTION 
Source Member Name: _VV_2_S_3 ___ _ Size of Code Area~ 12 H _______ w 
Stack Requirement: _. ___ .;;.O,.;Hw Data CSECT Size: ______________ ~o~ Hw 
[] Intrinsic o Procedure 
Other Library Modules Referenced: :::.N~O::::N==E::....... ________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV2S3 
Function: Add two single precision 3-vectors. 
Invoked by: 
ffi] Compiler emitted code for HALlS construct of the form: 
VI + V2; where Vl,V2 are single precision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds): 29.6 
Input Arguments: 
~ 
Vector (3) 
Vector (3) 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Error # 
Comments: 
. Precision 
SP 
SP 
Precision 
SF 
Cause 
How Passed 
R2 -+ Oth element 
R3 -+oth element 
How Passed 
Rl -+ oth element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,FO,Fl,:E'2,F3,F4,F5. 
Algorithm: Loads elements of VI into FO,F2,F4. 
Adds elements Df V2 respectively. 
Stores FO,F2,F4 into elements of result. 
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VV3QN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV3DN Size of Code Area: 16 Hw 
----..:=:.:::.---
Stack Requirement: o Hw Data CSE~r Size: o Hw --------~----
[i] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV3DN 
Function: Subtracts one double precision length n-vector from another. 
(Also used to subtract matrices). 
Invoked by: GU Compiler emitted code for HALlS construct of the form: 
VI - V2, where Vl and V2 are double precision vectors of length f. 3. 
o Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Vector (n) Vl 
Vector (n) V2 
Integer(n) 
OUtput Results: 
!rE!:. 
Vector(n) 
Errors Detected: 
Error # 
Coxrunents: 
Precision 
DP 
DP 
SP 
Precision 
DP 
6.0 + 22.7n 
Cause 
How Passed 
R2 + otli element 
R3 + oth element 
R5 
How Passed 
Rl + Oth element 
Registers Unsafe Across Call.: Rl,R2,R3,R4,RS,FO,FL 
Fixup 
Algorithm: Exchange contents of R2/R3 for addressing considerations. 
Units 
units 
Uses indexed load, subtract, store sequence controlled by BCTB 
on length. Load of minuend. elements is done with two LE 
instructions due to use of R3 as inde.x. 
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VV3D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV3D3 
-------
Size of Code Area: ____ -=.24.:....._ Hw 
Stack Requireme~: ____ ~O-.-,;HW Data c.s.ECT Size: __________ ~~O---HW 
[]I Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV3D3 • 
Function: Subtracts two double precision vectors of length 3 
Invoked by: 
~ compiler emitted code for HAL/S construct of the form: 
VI - V2 where VI and V2 are double precision 3-vector 
o other Library Modules: 
Execution Time (microseconds): 55.4 
Input Arguments: 
TYI)~ Precision How Passed 
Vector (3) VI 
Vector (J)V2 
OP . 
DP 
R2 + Oth element 
R3 + oth element 
output Results: 
~ Precision How Passed 
Vector (3) OP RI oth element 
Errors Detected: 
Error # Fixup 
Conunents: 
Registers Unsafe Across Call: RI,R2,R3,R4,FO,FI. 
Algorithm: Exchange contents of R2 and R3 for addressing considerations. 
Load minuend elements into FO/FI, F2/F3, F4/F5 using two LE 
instruction each because of R3 addressing rules. 
Subtract subtrahend elements 
Store results using STEO into result location., 
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VV3SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: W3SN Si~e of Code Area: 10 H _______________ w 
Stack Requirement: °HW ------~ Data CSECT Size: 
_____ 0 ____ Hw 
rn Intrinsic o Procedure 
Other ,Library Modules Referenced: ,..;N:.;,:o~n:.:.e::.... _________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV3SN 
Function: 
Invoked by: 
Subt'racts one length n single prec~s~on vector from another. 
(Also used to subtract matrices) • 
'Gil Compiler emitted code for HALlS construct of the form: 
V2 - VI, where VI and V.2 are single precision vectors of length "I 3. 
[] Other Library Modules: 
Execution Time (microseconds): 8.4 + 13.6n 
Comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,FI. 
Algorithm: Uses indexed load, subtract, store sequence controlled by a 
BCTB loop on I length I • 
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VV3S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: _VV:...:...;3;,;;S;,;;3;..... __ _ Size of Code Area: __ ________ ~l~2 __ Hw 
Stack Requirement: o Hw ----~---......; Data CSECT Size: o Hw 
-----------------
mJ Intrinsic o Procedure 
Other Library Modules Referenced: -.:N;!:O~N:!:E:!-. ________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV3S3· 
Function: Subtracts two single precision vectors of length 3 
Invoked by: rn Compiler emitted code for HALlS construct of the form: 
Vl-V2 whre Vl and V2 are single precision 3-vectors. 
o Other Library Modules: 
Execution Time (microseconds) ,: 29.6 
Input Arguments: 
~ Vector (3)Vl 
Vector (3)V2 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Error # 
comments: 
Precision 
SP 
SP 
Precision 
SP 
Cause 
HOloT Passed 
R2 -roth element 
R3 -roth elemnet 
How Passed 
Rl -roth element 
Registers Unsafe Across Call: Rl,R2,R3,R4,FO,E'1,F2,F3,F4,F5. 
Algorithnt: Load minuend elements into FO,F2,F4 
Subtract subtrahend elements from FO ,F2, F4 respectively 
Store FO,F2,F4 into result elements. 
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VV4DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV4DN Size of Code Area: 8 Hw ----.;-~---
Stack Requirement: o Hw Data CSECT Size: ______ --0-------- Hw 
li1 Intrinsic o Procedure 
Othel:' Lihrary Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
primary Entry Name: VV4DN 
Function: Multiplies each element of a double precision length n vector by 
a double precision scalar. 
(Also used to multiply matrix by scalar) • 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
V S, where V is a double precision vector of length ~ 3, and 
S is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 7.0 + 23.4n 
Input Arguments: 
~ 
Vector (n) 
Scalar 
Integer (n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + oth element' 
FO 
R5 
How Passed 
RI + Oth element 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl,F2,F3. 
Fixup 
Algorithm: Uses BCTB loop to count down 'length', performing load, 
multiply, store for each element. 
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W4D3 
HAL/S-FC LIBRARY ROUTI~~ DESCRIPTION 
Source Member Name: VV4D3 Size of Code Area: 18 Hw 
--------
Stack Requirement: o Hw Data CSECT Size: o 
Ii] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV4D3 
Function: Multiplies each element of a double precision vector of length 
3 by a double precision scalar. 
Invoked by: Cd Compiler emitted code for HALlS construct of the form: 
V S, where V is a length 3 double precision vector, and 
S is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 68.4 
Input Arguments: 
~ 
Scalar 
Vector (3) 
output Results: 
~ 
Vector (3) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
DP 
Precision 
DP 
Cause 
How ,Passed 
FO 
R2 + Oth element 
How Passed 
Rl + oth element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R4,FO,Fl,F2,F3. 
Algorithm: Simple load, multiply, store sequence for each element. 
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VV4SN 
HAL/S~FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV4SN Size of Code Area: 8 Hw 
--....;;;....,.----
Stack Requirement: ____ O~---..;Hw 
6'U Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: W4SN 
Data CSECT Size: 
o Procedure 
None. 
o 
----------------
Function: Multiplies a length~n single preclsl0n vector by a single 
precision scalar. (Also used to multiply matrix by scalar). 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
V S, where V is a single precision vector of length f 3, and 
S is a single precision scalar. 
o Other Library Modules: 
Execution Time (microseconds): 
Inpllt Arguments: 
~ 
Scalar 
Vector (n) 
Integer (n) 
output Results: 
~ 
Vector(n) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
SP 
Precision 
SP 
7.0 + 14.0n 
Cause 
How Passed 
FO 
R2 + oth element 
R5 
How Passed 
Rl + oth element 
Fixup 
Registers Unsafe Across Call: RI,R2,R4,R5,FO,Fl,F2,F3. 
Algorithm: Uses BCTB loop to count down 'length', performing load, 
multiply, store for each element. 
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VV4S3 
HAl./s-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: W4S3 Size of Code Area: 
12 
'--~---
Stack Requirement: ____ O __ ~Hw Data CSECT Size: 
o. 
IiJ Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
primary En try Name: W4S3 
Function: Multiplies each element of a single precision 3-'I1ector by a 
single precision scalar. 
Invoked by: 
~Compiler emitted code for HALlS construct of the form; 
V S, where V is a single precision 3-'I1ector, and 
S is a single precision scalar. 
o Other Library Modules: 
Execution Time (microseconds): 38.4 
Input Arguments: 
~ 
scaIar 
Precision 
SP 
How Passed 
FO 
Vector(3) SP R2 + oth element 
output Results: 
~ 
Vector(3) 
Errors Detected: 
Error # 
Comments: 
Precision 
sp 
Cause 
How Passed 
Rl + oth element 
Fixup 
Registers Unsafe Across Call: Rl,R2,R4,FO,F1,F2,F3. 
Algoritlun; Simple load, multiply, store for e
ach element. 
ltEPRODUCIBILITY OF THE 
ORIGINAL PAGE 
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VV5DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VV5DN Size of Code Area: 16 Hw 
-----"'----
Source Member Name: 
Stack Requirement: ____ -O---.;HW Data CSECT Size: 2 Hw 
rn Intrinsic o Procedure 
Other Library Modules Referenced: _N_o_n_e_. ____ ~ _____________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV5DN 
Function: Divides a double prec~s~on vector of length n by a double 
precision scalar. (Also used to divide matrix by scalar). 
Invoked by: 
~ Compiler emitted code for HAL/S construct of the form: 
vis, where V is a double precision vector of length t- 3, and 
. 8 is a double precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 37.0 + 24.2n 
Input Arguments: 
~ 
Scalar 
Vector (n) 
Integer (n) 
Output Rest,l ts ; 
~ 
Vector (n) 
Errors Detected: 
Error # 
Precision 
DP 
DP 
SP 
Precision 
How Passed 
FO 
R2 + Oth element 
R5 
How Passed 
DP Rl + oth element 
Cause Fixup 
Units 
Units 
25 Scalar argument is zero. Store original vector as result. 
Comments: 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl,F2,F3. 
Algorithm: Test FO; if zero, preset quotient to 1; otherWise, compute 
1/8 and then use BCTB loop to count down 'length' performing 
load, multiply (by l/S) , store sequence for each element. 
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W5D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member llame: VV5D3 Size of Code Area: __________ ~2~6 ___ Hw 
Stack Requirement: ___ -.:;O:...--...:Hw Data CSECT Size: 2 llw --------~-------
[]J Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV5D3 
Function: Divide each element of a double precision length 3 vector by 
a double precision scalar. 
Invoked by: on Compiler emitted code for HALlS construct of the form: 
ViS, where V is a double precision 3-vector, and 
S is a double precision scalar, 
[] Other Library Modules: 
Execution Time (microseconds): 98.4 
output Results: 
~ units 
Vector(3) 
Errors Detected: 
Error # 
25 
Comments: 
Cause Fixup 
Scalar argument is zero. Store original vector as result. 
Registers Unsafe Across Call: Rl,R2,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: Test FO; if zero, send error and set quotient to 1; 
Otherwise, quotient llarg is calculated and then used in simple 
Load, multiply, store sequence for each element. 
5-218 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS Q2138 • (617) 661-1840 
~ ( 
I 
~"""" __ . "iI![PQ£ S" ¥) 3;pt&USUA!t$lfi J!'!4'"i!!'i¢'¥ , .... i ~ "rl""'" ~~-'~ r-: - ~ ~......"....,.~ 'F -~~~:.r' ~~ .... ~-~ ~~~.......-~~,..-,.,..~...:::--="~-~ ~T'a~-""""~ ·~T~"""'''''''''''''~-~-~~[-''''''''~"' ~-- " 
I '"'_ _ ____ .... _>!;~"' ... "' .... _"'_""'~",. ~ _ ...-~ '''''' '... <>-. ~ ~''''' '" ~ 
WSSN 
HAL/S-FC LIBRARY ROUTINE OESCRIPTION 
Source Member Name: Size of Code Area: 14 Hw 
--------
W5SN 
Stack Requirement: Data CSECT Size: 2' Hw -------~~-----
(i] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: WSSN 
Function: 
Divides single precision vector of length n by single precision scalar. 
Invoked by: 
(Also used to divide matrix by scalar). 
~ C~mpiler emitted code for HALlS construct of the form: 
VIS, where V is a single precision vector of length ~ 3, and 
S is a single precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 7.2 + lS.On 
Input Arguments: 
~ 
Scalar 
Vector (n) 
Integer (n) 
output Results: 
~ 
Vector(n) 
Errors Detected: 
~rror # 
Precision 
SP 
SP 
SF 
Precision 
SP 
Cause 
How Passed 
Fa 
R2 + oth element 
R5 
How Passed 
Rl + Oth element 
Fixup 
Units 
Units 
25 Scalar argument is zero. store original vector as 
result. 
Comments: 
Registers Unsafe Across Call: Rl,R2,R4,RS,FO,Fl,F2,F3. 
Algorithm: Test FO, if zero, set FO to 1; Uses BCTB loop to count down 
'length' performing. Load, divide, store sequences for each element. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VVSS3 Size of Code Area: ___ ...... 1 ...... 8  ___ Hw 
Stack Requirement: o Data CSECT Size: 2 Hw 
-----------------
[iJ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV5S3 
Function: Divide each element of a single precision vector of length 3 by a 
single precision scalar. 
Invoked by: 09 Compiler emitted code for HALlS construct of the form: 
VIS, where V is a single precision 3-vector, and 
S is a single precision scalar. 
[] Other Library Modules: 
Execution Time (microseconds): 50.6 
Input Arguments: 
~ 
Scalar 
Vector(3) 
output Results: 
~ 
vector(3) 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
How Passed 
FO 
R2 + oth element 
How Passed 
R1 + oth element 
Fixup 
units 
Units 
25 
Cause 
Scalar argument is zero. Store original vector as 
result. 
Comments: 
Registers Unsafe Across Call: Rl,R2,R4,FO,Fl,F2,F3. 
Algorithm: Test FO; if zero, set FO to floating point 1; than simple 
load, divide, store sequence for each element. 
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W6DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV6DN Size of Code Area: ______ ;:;.12;::,. Hw 
Stack Requirement: o Hw Data CSECT Size: o Hw ----~---"-
g Intrinsic o Procedure 
Other Library Modules Referenced: ~N~O~N~E~ ________________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: W6DN 
Function: Forms dot product of two double precision length n vectors. 
Invoked by: 
[i] c:..omp~ler emitted code for HALlS construct of the form; 
Vl.V2,where VI and V2 are double precision vectors of length n, n F 3. 
[] Other Library Modules: 
Execution Time (microseconds): 16.4 + 25. 4n 
Input Arguments: 
~ 
Vector (n) 
Vector (n) 
Intege:r;(n) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precisioll 
DP 
DP 
SP 
Precision 
DF 
How Passed 
R2 + Oth element 
R3 + Oth element 
R5 
How Passed 
FO 
Cause Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl,F2,F3. 
Algorithm: Loads R3 into Rl for addressability advantages 
performs: 
n 
1: VIi V2 i by loops counting down n; i=l 
Each pass loads VIi multiplies by V2i and add to 
accumulated sum in FO. 
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VV6D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV6D3 Size of Code Area: 16 Hw 
--------
Stack Requirement: o Hw Data CSECT Size: OHw 
-------
~ Intrinsic o Procedure 
Other Library Modules Reforenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ VV_6_D_3 ________________ _ 
Function: Forms dot product of 2 double precision 3-vectors. 
Invoked by: &J Compiler emitte!i code for HALlS construct of the form: 
Vl.V2 where Vol and V2 are double precision 3-vectors. 
(] Other Library Modules: 
Execution Time (microseconds): 71.8 
Input Arguments: 
~ Precision How Passed 
Vector(3) 
Vector(3) DF DP R2 +oth element R3 +Oth element 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
comments: 
Precision 
DF 
Cause 
How Passed 
FO 
Registers Unsafe Across Call: R2,R3,R4,FO,Fl,F2,F3. 
Algorithm: Moves R3 to Rl for addressability advantages. 
Performs: 
n 
Fixup 
r. VIi V2 i via straight line code, no loops, i=l ' accummulat~ng result in FO • 
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VV6SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV6SN Size of Code Area: 12 Hw 
-------
Stack Requirement: o _____-"Hw Data CSECT Size: o Hw 
--------
181 Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV6SN 
Function: Forms dot product of two length n single precision vectors. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
VI.V2 where Vl and V2 are single precision n-vectors, n,. 3, 
[J Other Library Modules: 
Execution Time (microseconds): 15.2 + l6.8n 
Input Arguments: 
~ How Passed 
Vector (n) 
Vector (n) 
Integer(n) 
Precision 
SP 
SP 
R2 -+ oth element 
R3 -roth element 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Sp 
Precision 
SP 
R5 
How Passed 
FO 
Cause Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4 / F5,FO,FI,F2,F3. 
Algori thm: Move R3 to Rl for addressabili ty advantages 
performs: 
n 
l: 
i::;l 
Vli V2 i by a loop counting down n i 
Each pass loads VIi, multiplies by V2i and adds to 
accumulated sum in FO. 
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VV6S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: W6S3 Size of Code Area: _--,l:.:Q~ ____ Hw 
a Hw Data CSECT Size: OHw Stack Requirement: 
----------~-----
Gil Intrinsic;: o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: .....;.W~6~S~3 __________ _ 
Function; Forms dot product of two single precision 3-vectors. 
Invoked by: [3 Compiler emitted code for HALlS construct of the form: 
Vl.V2 where VI and V2 are single precision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds): 41.8 
Input Arguments: 
~ How Passed 
Vector (3) 
Vector (3) 
Precision 
SP 
SP 
R2 +oth element 
R3 -+oth element 
OUtput Results: 
.!lE!:. Precision How Passed 
Scalar SP FO 
Errors Detected: 
Error .# Cause Fixup 
COIfu"llents: 
Registers Unsafe Across Call: R2,R3,R4,FO,Fl,F2,F3, 
units 
units 
Algorithm: Calculates VIl V2 +V12V2 2 + V1 V2 via direct code, no loops, 1 3 3 
accummu1ating result in FO. 
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VV7DN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VV7DN Size of Code Area: 8 Hw --~----Source Member Name: 
Stack Requirement: _____ O_~H'1l Data CSECT Size: _________ O ___ HW 
~ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary En t,ry Name: VV7DN 
Function: Vector negate, double precision, length n. 
(Also used to negate matrices) . 
Invoked by: iLl Compiler emitted code for HALlS construct of the form: 
-v, where V is a double precision vector of length n, n;;t3. 
[] Other Library Modules: 
Execution Time (microseconds): 7.0 + 11.4n 
Input Arguments: 
~ 
Vector (n) 
Integer (n) 
output Results: 
~ 
Vector(n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + Oth'element 
R5 
How Passed 
Rl '+ O·th element 
Registers Unsafe AcroSS Call: Rl,R2,R4,R5,FO,Fl. 
Algorithm: Uses loop to count down 'n', each pass performing load, 
negate, store sequence on current vector element. 
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VV7D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV7D3 Size of Code Area: 18 Hw 
--------
Stack Requirement: 0 Hw Data CSECT Size: 0 
____________ Hw 
rn Intrinsic 0 Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV7D3 
Function: Vector negate, double precision for vectors of length 3. 
Invoked by: Ilil Compiler emitted code for HAL/S construct of the form: 
-V, where V is a double precision 3-vector. 
[] Other Library Modules: 
Execution Time (microseconds): 32.4 
Input Arguments: 
How Passed ~ 
Vector(3) 
Precision 
DP R2 ~ oth element 
output Results: 
How Passed ~ 
Vector(3) 
Precision 
DP RI + oth element 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: RI,R2,R4,FO,Fl,F2,F3,F4,FS. 
Algorithm: simple, direct code sequence, no loops. 
Performs 3 loads, 3 negates, 3 stores. 
S~226 
units 
Units 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
~=:"]"'-'-",'l!lifjji;:X;;; -,j !l4'¥, illY> OMS - -"""'"--'->~"~"':""''''~r'''''''"''"' 
_I _~_.~_~"~_.",«.~w",, .. _ ••. 
VV7SN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: W7SN Size of Code Area: __ ...:8::.-____ Hw 
o Stack Requirement: _____ O_....;HW Data CSECT Size: 
-------------
£i) Intrinsic o Procedure 
Other Library Modules Referenced: ~Qne 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV7SN 
Function: Vector negate, single precision, length n. 
(Also used to negate matrices) • 
Invoked by: 
~ Co~piler emitted code for HALlS construct of the form: 
-V, where V is a single precision vector of length n, n13. 
[] Other Library Modules: 
Execution Time (microseconds): 7.0 + 9.0n 
Input Arguments: 
~ 
Vector (n) 
Integer(n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Error if 
Corr~"ents : 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
R5 
How Passed 
Rl + oth element 
Registers Unsafe Across Call: Rl,R2,R4,R5,FO,Fl. 
Algorithm: Uses loop to count down 'n', each pass performing load, 
negate, store sequence on current vector element. 
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VV7S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV7S3 Size of Code Area: 12 Hw 
--.-:.;;.;:.;....----
o o Data CSECT Size: Hw 
------------
Stack Requirement: Hw 
----------' 
GJ Intrinsic o Procedure 
Other Library Modules Referenced: __ N_o_n_e _ • _______________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV7S3 
Function: 
Vector negate, single precision for vectors of length 3, 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
-V, where V is a single precision 3-vector. 
[] Other Library Modules: 
Execution Time (micros econds) : 23.4 
Input Arguments: 
~ Precision How Passed 
Vector< 3) R2 + oth element 
output Results: 
~ How Passed 
Vector (3) 
Precision 
SP Rl '+ oth element 
Errors Detected: 
Error # Cause 
Corrunents: 
Registers Unsafe Across Call: Rl,R2,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: Direct, inline code, no loops. 
Does 3 loads, 3 negates '/ 3 stores. ~ 
Fixup 
Units 
Units 
REPRODUCIBITJITY 07 IIEE 
ORIGINAL PAGg 
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VV8D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VV8D3 Size of Code Area: ___ 1_2 ___ Hw 
Stack Requirement: ° Hw Data CSECT Size: _____ 0 _____ - Hw . 
Ga Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VV8D3 
Function: Compares two double precision 3-vectors 
Invoked by: 
Ii] Compiler~mitted code for HAL/S construct of the fonn: 
IF X = Y.... ,where X and Yare double precision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds): 59.0 if X=Yj 16.2n + 24.6 if XiY where n = 
3 -(index of last non-matching pair of elements). 
Input Arguments: 
~ 
Vector(3) 
Vector (3) 
Output Results: 
~ 
equal/not equal 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
DP 
Precision 
Cause 
How Passed 
R2 + oth element 
R3 + oth element 
How Passed 
condition code 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Algorithm: Loads a literal 3 into R5, then drops into VVHDN code, 
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VV8D3 
Secondary Entry Name: _._VV_8_D_N ___ _ 
Function: 
Invoked py: 
Compares two double precision vectors of length n. 
(Also used to compare matrices). 
Oil Compiler emitted code for HALlS construct of the form: 
IF X = Y, where X and Yare double precision vectors of length n, nt3. 
o Other library modules: 
Execution Time (microseconds): 16.2n + 18.0 if X=Yj 16.2m + 22.2 if xty, where 
m = n-(index of last non-matching pair of elements) 
Input Argumen ts : 
~ 
Vector (n) 
Vector (n) 
Integer (n) 
output Results: 
~ 
equal/unequal 
Errors Detected: 
Error # 
comments: 
Precision 
DP 
DP 
SP 
Precision 
Cause 
How Passed 
R2 + 6th element 
R3 + Oth elenent 
R5 
How Passed 
Condition code. 
Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Units 
Units 
Algori tnm.: Loads R3 into Rl for better addressability. Loopsf counting 
down I size' I each p.ass compares values of one element of each 
vector. When first non-compare occurs, branch to return point 
is taken, exiting loop. 
Condition code is set based upon whether count down loop 
reaches O. Condition code of 00 indicates equality, 01 
indicates unequality. 
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VVSS3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Hember Name: VYSS3 Size of Code Area: 12 Hw 
---..;;;;,.;;;;..-.---
stack Requirement: ____ O_--..;HW Data CSEC'l~ Size: 
__ ----~o--~--- Hw 
Q Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVSS3 ~-----------------
Function: Compares two single precision vectors of length 3. 
Invoked by: GJ Compiler_emitted code for HAL/S construct of the form: 
~ X = Y •.• , where X and Yare single precision 3~vectors. 
[] Other Library Modules: 
Execution Time (microseconds): 42.S if X=Y; 10.Sn + S.4 if X~Y, where n = 
4 -(index of last non-matching pair of elements). 
Input Arguments: 
~ 
Vector (3) 
Vector (3) 
output Results: 
~ 
equal/not equal 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
Precision 
Cause 
How Passed 
R2 + oth element 
R3 + oth element 
How Passed 
Condition Code, 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Algorithm: Loads a literal 3 into R5. Then falls into VVSSN routine, 
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Secondary Entry Name; 
waS3 
WBSN 
Function: Compares two single precision vectors of length n. 
(Also used to compare matrices) • 
Invoked by: 
GJ Compiler ~mitted code for HAL/S construct of the form: 
IF X = Y ... , where X and Yare single precision vectors of 
length n, n13. 
o other library modules; . 
Execution Time (microseconds): 10.Bn + B.O if X=Y, 10.Bm + 6.0 if xty, where 
m = n -(index of last non-matching pair of elements) +1. 
Input Arguments: 
~ Vector (n) 
vector (n) 
Integer (n) 
output Results: 
~ 
equal/not equal 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
SP 
Precision 
Cause 
How Passed 
R2 ~ oth element 
R3 + oth element 
R5 
!2!. Passed 
Condition Code, 
Fixup 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,FO,Fl. 
Units 
Units 
Algorithm: Loads R3 into Rl for better addressability. Loops counting 
down 'size', each pass compares values of one element of each 
vector. When first non-compare occurs, branch to return 
point is taken, exiting loop. Condition code is set based 
upon whether count down loop reaches O. Condition code of 00 
indicates equality, 01 indicates inequality, 
5-23.2 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 ' (617) 661-1840 
, ., 
rl~4 
! .. 
~ ~C~C_-1'-~--' -~~~.~~----- ,- -,. -~r-~:,::, -~-~~~--~~T~~--~--~~l~r -'-.:-~ 
t .', 
, ," , ~ 
VVIOD3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Size of Code Area: 56 Source Member Name: VVIOD3 
----------
Stack Requirement: 20~ __ ~Hw Data CSECT Size: 
o Intrinsic (iJ Procedure 
Other Library Modules Referenced: DSQRT, VVODN 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVIOD3 
Function: creates unit vector of length 3 for input 3-vector in 
double precision. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
UNIT(V), where V is a double precision 3-vector. 
[] Other Library Modules: 
Exe9ution Time (microseconds): 402.7 
Input Arguments: 
~ Precision How Passed 
Vector(3) DP R4 + Oth element 
output Results: 
~ Precision How Passed 
Vector(3) DP R2 + Oth element 
Errors Detected: 
2 
Error # Cause Fixup 
Hw 
Units 
Units 
28 Input vector has all elements=O. Return input vector. 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Loads R5 with literal 3, then drops into VVIODN code, 
5-233 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETIS 02138 • (617) 661-1840 
~ - ----" -'"-----.---~----~~--,~~---",::""""--.~~.-~~ .• ~,~"""~Ul1.tUZI".,"", ...... '""_~_ ...... ________ r __ • __________ ... 2.... : """'-.. .-c 
'i 
VV10D3 
Secondary Entry Name: VV10DN 
Function: Creates unit vector of length n for input vector of length n 
in double precision. 
Invoked by: 
lliJ Compiler emitted code for HALlS construct of the form: 
UNIT(V), where V is a double precision vector of length n, n13 1 
[J other library modules: 
Execution Time (microseconds): 259.7 + 47.Bn 
Precision How Passed 
OP R4 + otn element 
SP R5 
Precision How Passed 
DP R2 -+ oth element 
Errors Detected: Fixup Error it Cause 
2B every element of input vector is O. Return input Vector 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: 
Uses loop to sum squares of elements of input vector. Calls 
DSQRT to get square root of sum •. Uses loop to divide each 
element of input vector by square root value ru1d store into 
result vector. 
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WlOD3 
Secondary Entry Name: VV9D3 
Function: Calculates magnitude of length 3 double precision vector. 
Invoked by: 
fiU Compiler emitted code for HALlS construct of the form: 
ABVAL (V) ,where V is a double precision 3-vector. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ Precision 
Vector (3) DP 
output Results: 
~ Precision 
Scalar DP 
Errors Detected: 
Error # 
Comments: 
300.2 
Cause 
!lOW Passed 
R2 + Oth element 
How Passed 
FO 
Registers Unsafe Across Call: FO,FI,F2,F3,F4,F5. 
Algorithm: Loads R5 with literal 3, then drops into VV9DN code. 
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VV] 003 
Secondary Entry Name: VV9DN 
Function: 
Calculates magnitude of length n double precision vector. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
ABVAL(V), where V is a double precision vector of length n. 
[J Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Vector (n) 
Integer (n) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Comments: 
Precision 
DF 
SF 
Precision 
DP 
226.6 + 24.4n 
Cause 
How Passed 
R2 + oth element~ 
RS 
How Passed 
FO 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,FS. 
Fixup 
Algorithm: Uses lodp counting down size (nl, each pass squaring an 
element of input vector and adding to accumulated value in 
FO; after loop, calls DSQRT to obtain final result in FO. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VVIOS3 Size of Code Area: 
VYIOS3 
50 Hw 
--------
Stack Requirement: Hw 24 Data CSECT Size: . 2 Hw ----------~--------......; 
o Intrinsic Procedure 
Other Library Modules Referenced: SQRT, WOSN 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VVIOS3 
Function: Creates unit vector of length 3 for input 3-vector in single 
precision. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
UNIT(V), where V is a single precision 3-vector. 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
Vector (3) 
output Results: 
~ Vector (3) 
Errors Detected: 
Precision 
SP 
Precision 
SP 
236.4 
How Passed 
R4 -r 0 th element 
How Passed 
R2 + oth element 
Cause 
---
Fixup 
Units 
Units 
Error # 
28 Input vector has all elements ~ o. Return input vector. 
comments: 
Registers Unsafe Across Call: FO,FI,F2,F3,F4,F5. 
Algorithm: Loads R5 with literal 3, then drops into VYIOSN code. 
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VVIOS3 
Secondary Entry Name: VVIOSN 
Function: creates unit vector of length n for input vector of 
length n in single precision. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: I UNIT(V), where V is a single precision vector of length n, n;i3. 
o Other library modules: 
Execution Time (microseconds): 130.6 + 32.8n 
Input Arguments: 
~ 
Vector(n) 
Integer (n) 
output Results: 
~ 
Vector (n) 
Errors Detected: 
Precision 
SP 
'SP 
Precision 
SP 
Cause 
How Passed 
R4 + oth element 
R5 
How Passed 
R2 + OEli element 
Fixup 
Units 
Units 
Error # 
28 Sum of squares of all elements O. Return zero vector. 
Comments: 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Uses loop to sume squares of elements of input vector. 
Calls SQRT to get square root of sum. 
Uses loop to divide each element of input vector by square 
root return value and store into result vector. 
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WIOS3 
Secondary Entry Name: VV9SN 
Function: Calculates magnitude of single precision vector of length n. 
Invoked by: 
EJ Compiler emitted code for HALlS construct of the form: 
ABVAL(V), where V is a single precision vector of length n, n~3. 
o Other library modules: 
Execution Time (microseconds): 118.9 ... l4.0n 
Input Arguments: 
~ 
Vector (n) 
Integer(n) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Conunents: 
Precision 
SP 
SP 
Precision 
SP' 
Cause 
How Passed 
R2 -+ Oth -;Iement 
R5 
How Passed 
FO 
Fixup 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Units 
Units 
Algorithm: Uses loop counting down size (n), each pass squaring an 
element of input vector and adding to 'accumulated value in FO; 
After loop, calls SQRT' to obtain final result in FO. 
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VVlOS3 
Secondary Entry Name: W9S3 
Function: Calculates magnitude of length 3 single precision vector. 
Invoked by: 
[a Compiler emitted code for HALlS construct of the form: 
ABVAL(V), where V is a single precision 3-vector. 
[] other library modules: 
Execution Time (microseconds): 168.3 
Input Arguments: How Passed ~ 
Vector (3) 
Precision 
SP R2 + oth element 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
Cause 
How Passed 
FO 
Fixup 
comments: Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Loads R5 with literal 3; falls into VV9SN code. 
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yX6D3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ..:V:.,;:X;:;6:::!D:::c3~ ___ _ Size of Code Area: 
------------
36 
Stac~ Requirement: _......;O::-.. __ ~Hw Data CSECT Size: a 
@ Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DE~CRIPTIONS 
Primary Entry Name: VX6D3 
Function: Forms cross product of 2 double precision 3-vectors. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
X * Y, where X and Yare double precision vectors of length 3. 
[J Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
Type 
Vector(3) 
Vector(3) 
output Results: 
~ 
vector(3) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
DP 
Precision 
DP 
Registers Unsafe Across Call: 
137.6 
Cause 
How Passed 
R2 + otn element 
R3 + Oth element 
How Passed 
Rl + otli element 
Rl,R2,R3,R4,FO,Fl,F2,F3,F4,F5. 
Algorithm: Direct code, no loops, to calculate cross product. 
Hw 
Units , 
units 
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VX6S3 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VX6S3 Size of Code Area: 22 Hw 
Stack Requirement: o Hw Data CSECT Size: o Hw 
trn Intrinsic o Procedure 
Other Library Modules Referenced: NONE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VX6S3-
Function: Performs vector cross product of two single precision length 3 vectors. 
Invoked by: 
ua Compiler emitted code for HALlS construct of the form: 
x * Y where X and Yare single precision 3-vectors. 
[J Other Library Modules: 
Execution Time (microseconds): 78.0 
Input Arguments: 
How Passed ~ 
Vector (3) 
Vector (3) 
Precision 
SP 
SP 
R2 + oth element 
R3 + oth element 
output Results: 
~ Precision How Passed 
Vector (3) SP Rl +Oth element 
Errors Detected: 
Error # Cause Fixup 
comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,FO,FI,F2,F3. 
Algori thm: Uses direct code, no loops, to calculate. 
(X2 Y3 - X3 Y2 , X3 Yl - Xl Y3 , Xl Y2 - X2 Yl ) 
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5.3.4 Character Routine Descriptions 
This sUbsection presents those routines which 
manipulate character data. Routines which convert to 
and from character data are not included here. Such 
routines are found under Section 5.3.6. 
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CASPV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CASPV Size of Code Area: 64 Hw 
,------
stack Requirement: ___ O __ ~HW Data CSECT Size: __________ 2______ HW 
[i] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CASPV 
Function: Assigns a partition of a character string to a temporary. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
... C$(I TO J) ... where C is a character string. 
~other Library Modules: CPASP 
E~ecution Time (microseconds): (See next page) 
Input Arguments: 
Precision How Passed Units ~ Character 
Integer (I) 
Integer (J) 
SP 
SP 
R2 + descriptor 
R5 
R6 
output Results: 
How Passed Units ~ Precision 
Character (temporary) RI + descriptor 
Errors Detected: 
Error # Cause 
17 Indices out-of-bounds for input string. 
Comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6. 
Fixup 
Set out-of-bounds 
index to first or 
,last character of 
string. 
Algorithm: Several checks for possible errors are made before the transfer 
of characters is actually done. The index to the first character (I) is checked 
to be not less than 1. If it is, then set to 1. The index to the last 
character (0) is checked to be less than the length of the source string. 
If it is greater, then the index is set equal to the current length. Third, 
if J < I, the fixup is the NULL string. If the input actually is the NULL 
string, then no error is signalled. Finally, if the partition length 
exceeds the max length of the destination string, then the partition is 
truncated. 
(Continued on next page) 
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Execution Time: 
if P = o 43.8 
if P > 0: 
52.0 + 3,8 (if I is even) 
+ 9.4k (if k is odd) 
+ 13.1k (if I is even) 
where p = minimum (J-I+l, 255) 
k = ceiling (P/2) 
Algorithm (Con't) 
i' 
All that remains to be done is the halfword-by-halfword 
transfer. The character dount is incremented by one before dividing 
by two so that the halfword count is rounded to the next highest 
halfword if the character count was odd. 
If I (the first character index) is odd then the transfer is 
straightforward. If even, then there are alignment problems to 
work around. The odd byte of the first halfword to move must not 
be moved, so halfwords crossing the IInatural" halfword boundary 
are moved instead. 
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Secondary Entry Name: .~~S~p~. ______ _ 
Function: Assigns a partiti.on of a oharacter string to a receiver stril '. 
invoked by: 
ca Compiler emitted code for HALlS construct of the form: 
CI ~ C2
I 
TO J' where Cl and C2 are character variables, and 
I and J are integers. 
[] Other library modules: 
Execution Time (microsecongs)~ (See below) 
Input Arguments: 
~ 
character (C2) 
Integer (I) 
lnteger (J) 
outP\1t Results: 
~ 
character (Cl) 
Errors Detected: 
Precision 
SP 
Sl? 
Precision 
Cause 
How Passed 
R2 + descril?tor 
RS 
R6 
How Passed 
R:J. + descriptor 
Units 
Units 
Error # 
17 Index out-of-bounds for input string. 
F!xu£ 
Set out-of~bounds index 
Comments: 
Registers Unsafe Across Call: RI,R2,R3,R4,R5,R6. 
to first or last 
character of string. 
Algorithm: Same as CASPV, except destination is a variable instead of 
a temporary. 
Execution Time: if p = 0: 41.0 
if p > 0: 
49.2 + .8 (if P = maxlength(CI» 
+ 3.8 (if I is even) 
+ 9.4k (if I is odd) 
+ 13.lk (if I is even) 
where p = minimum (J-I.+l, maxlength(Cl» 
k = ceiling (P/2). 
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CASV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CASV Size of Code Area: 28 
----------------
o Hw Data CSECT Size: o Stack Requirement: 
------
---------------
[ID Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CASV 
Function:' Character assign for output; assigns string from data to 
I/O buffer area. 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form: 
1!1 Other Library Modules: COUTP, CINP 
Execution Time (microseconds)~ if C2 is null string: 29.2 
Hw 
Hw 
if C2 ~ null string: 40.2 + 9.4 (ceili~g (P/2-l» + .8 (if length(C2) > 
maxlength(Cli), where p = minimum (length (C2) , maxlength(Cl». 
Input Arguments: 
~ Precision How Passed Units 
character R2 + descriptor 
output Results: 
~ Precision How Passed Units 
character Rl + descriptor 
Errors Detected: 
Error # Cause 
Comments: 
Registers Unsafe Across Call: Rl,R2,R3,R4,R5. 
Algorithm: First, the max length of the destination string is set to 255. 
Then, the length descriptor halfword of both the source string and the 
destination string are examined. The min of 'the max length of the 
destination and the current length of the source is taken as the new currlength 
of the destination. Next, the number of halfwords to move is found by incrementing 
the character count by one (in case the character cound is odd) and dividing 
by two. If the source is a null string, the routine exits. If the character 
count is odd, the last byte in the string is moved anyway since it is always 
ignored. The assignment is made by moving the string halfword-by~halfword to 
the location specified by the destination pointer. 
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Secondary Entry Name: CAS 
Function: Character assignment, non-partitioned. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
CI = C2, where CI and C2 are character strings. 
CID Other library modules: CIN 
Execution Time (microseconds): if input is null string: 32.0 
if input 'I' null string: 43 + 9.4 . (ceiling (P/2-l», vlhere p length 
of input character string. 
Input Arguments: 
~ Precision 
character (C2) 
output Results: 
~ Precision 
character (C2) 
Errors Detected: 
Error # 
Comments: 
Cause 
How Passed 
R2 + descriptor 
How Passed 
RI + descriptor 
Registers Unsafe Across Call: RI,R2,R3,R4,RS. 
Fixup 
Algorithm: Same as CASV, except MAXLEN of destination is not set to 255, 
but left with original MAXLEN value. 
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CATV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CATV Size of Code Area: 76 Hw --...:...;;~----
Stack Requirement: ° Hw 
Data CSECT Size: ° Hw 
---..;;...----
-----.--; 
~ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CATV 
Function: Catenates two charac:ter strings and stores into a temporary. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
xIIY 
[] Other Library Modules: 
Execution Time (microseconds): Times depend on whether first source 
string = destination string and whether the first source string has an 
odd character count creating an alignment problem. (Continued on next 
Input Arguments: 
~ Precision 
Character (X) 
Character (Y) 
output Results: 
~ Frecision 
Character(temporary) 
Errors Detected: 
Error # 
none 
Cause 
How Passed 
R2 + descriptor 
R3 -+ descriptor 
How Passed 
RI + descriptor 
Fixup 
Comments: Registers Unsafe Acros~; Call: RI,R2 .R3,R4,R5,R6,R7 ,FO/Fl. 
Algorithm: The lengths of the source strings are checked against the 
page) . 
Units 
Units 
destination string for legal values. The second source string may be 
truncated if its length + that of the first source string exceed the leng'ch 
of the destination. If the first source string and the destination string 
are the same string (found by comparing addresses), then only the second 
source string is moved. After checking these things, the routine needs 
only to actually move the strings. The first is a straight naifword-by-
hal:fword move. If its length is odd, then there is the alig'nment problem to 
contend with. The second string is moved starting where the first one left 
off. See description of CASPV for what is done when the first source string 
has an odd character count. 
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Execution Time (microseconds): (Cont'd.) 
if X is null string and Y is null: 52.2 ~sec. 
if X and Yare not both nUll: XTlME + YTlME. 
XTlME: if X is null string: 24.0 
if X , null string: 29.8 + 9.4 (ceiling (P/2» 
~ , .. ' where p = 1ength(X). 
YTlME': if Y is null string: 27.8 
if Y is , null string: 
52.1 + 14.1 . (ceiling (Q/2-1» 1 1.' f P 
+ 6.0 (if P+Q is odd) ) is odd 
32.3 + 9.4 . (ceiling (Q/2» if P is even 
where Q = minimum (length(Y), 255-P). 
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CATV 
Secondary Entry Name: CAT 
Flmction: Catenates two character strings and stores into a third string. 
Invoked by: 
GU Compiler emitted code for HALlS construct of the form: 
Not used yet. 
o Other library modules: 
Execution Time (microseconds): Same as CATV - 2.5 
Input Arguments: 
~ Precision How Passed 
Character R2 + descriptor 
Character R3 + descriptor 
output Resuli..s: 
~ Precision How Passed 
Character Rl + descriptor 
Errors Detected: 
Error # Cause Fixup 
Comments: 
RegisteLs Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl. 
Algorithm: Same as CATV, except string is moved to real data area, nJc 
to a temporary. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CINDJ;<:X Size of Code Area: 52 Hw 
--------
o 18 Data CSECT Size: Hw 
-------
Stack Requirement: Hw 
--------" 
o Intrinsic Procedure 
Other Library Modules Referenced: GTBYTE 
ENTRY POINT DESCRIPTIONS 
Primary Ent.ry Name: CINDEX 
Function: Performs HALlS INDEX function: finds occurrance of one character 
string within another. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
INDEX (A,B) , where A and B are character strings; B is searched for 
within A. 
[J Other Library Modules: 
Execution Time (microseconds): (See next page). 
Input Arguments: 
!If:e Precision How Passed 
cha:c acter LA) 
ch:::.racter{B) 
R2 -+ descriptor 
R4 -+ descriptor 
output Results: 
~ 
Integer 
Errors Detec·ted: 
Error # 
Comments: 
Precision 
SP 
Cause 
How Passed 
R5 
Registers Unsafe Across Call: R5,FO,Fl,F2,F3,F4,F5. 
If either string is null, return zero. 
Set pointer to first character of A. 
Fixup 
Units 
units 
Algorithm: 1) 
2) 
3) 
4) 
If size of B exceeds size of A, beyond A pointer, return zero. 
Loop on size of B, comparing elements of A and B beginning 
5) 
6) 
at current A pointer; on non-equality go to step 6. 
Comparison loop in 4 succeeded, return current A pointer. 
Increment A pointer by one byte, go to step 3. 
REPRODUCIBIL1TY ."'.1. 
ORIGINAL PAGE 1;J FiJUl{ 
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CINDEX 
CINDEX 
Execution Time (microseconds): 
if A is null: 32.8 
if B is null: 38.0 
if 1ength(B) > 1ength(A): 44.8 
if result = 0: 
JA KAI 
time = 38.0 + " ( l: (15.4 + KBJ + KBJ +I - 1) + 16.4 + KBI ) t... 
if 
1=1 J=l 
where JA = 2 (length (Cl) - length(C2»+1 
result 
time 
KAI = # of compares required to determine that Cl$(length(C2) at I) 
.., = C2. 
KB = X 
= 0: 
= 29.6 
{ 14.4 if X 
15.6 if X 
result KAI 
+ l: ( l: 
1=1 J=l 
-KB result 
is even 
is odd. 
(15.4 + KBJ + KBJ +I - l ) + 16.4 + KB1) 
where KAr = 
1 
# of comparisons required to 
-.= C2 if I .., = result. 
determine that Cl$(length(C2) at I) 
length (C2) if I = result. 
KBX is as above. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CWSTV Size of' Code Area: __
__ ~4~O ________ HW 
Stack Requirement: __ ~1;;..;8;.....-.--..;HW Data CSECT Size: 
______
 2~ _________ Hw 
o Intrinsic IU Procedure 
Other Library Modules ~eferenced: GTBYTE, STBYTE
 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CLJSTV 
Function: Left justifies a character string to a specified length by 
1) padding on the right with blanks if too short; 
2) truncating on the right if too long. 
Invoked by: 
Gcl Compiler emitted code for HALlS construct of the form: 
LJUST (A,B) , where 1~ is a character string, and 
B i.s an 'integer. 
[] Other Library Modules: 
Execution Time (microseconds): (See next page) . 
Input Arguments: 
~ Precision How Passed 
character (A) 
integer (B) SP 
R4 + descriptor 
R5 
OUtput Results:' 
~ Precision How Passed 
character (temporary) R2 + descriptor 
Errors Detected: 
Cause 
.---
Fixup 
Units 
Error # 
18 Input string length greater 
',requested size. 
or B < O. 
than Truncate input string 
to specified size. 
Comments: 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: Compares requested length to 255 and retains smaller as L; 
Compares L with input string length: 
if greater, truncates on right to length L and moves to output; 
if same, moves input s~ring unchanged to output; 
if less, pads on right with blanks and moves to output. 
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Execution Time: 
34.0 + 2.8 (if B < 255) 
+ 2.0 (if n > 0) 
+ 40.8n 
+ 1.6 (if n is odd) 
+ 0.4 (if m ~ 0) 
+ 1.0 (if m is odd and n is even) 
1.0 (if m is odd and n is odd) 
+ 23.8 m 
where n = length(A) 
m = maximum(B-n,O) 
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CPAS 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CPAS Size of Code Area: 80 Hw 
Stack Requirement: 20 ___ .;..._---:Hw Data CSECT Size: _______ ~2______ Hw 
o Intrinsic (KJ Procedure 
Other Library Modules Referenced: GTBYTE r STBYTE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ___ C_P_AS ______ _ 
Function: Assigns a character string to a partition of another string. 
Invoked by: kJ Compiler emitted code for HALlS construct of the form: 
C2 I TO J = Cl; Cl and C2 are character strings. 
D9 Other Library Modules: CPASP, CINP 
Execution Time (microseconds): (See next page). 
Input Arguments: 
~ Precision 
character s:tring (sourc81 (Cl) -
integer (I) 
integer (J) 
output Results: 
~ Precision 
character (destination) (C2) 
Errors Detected: 
Cause 
How Passed 
R4- + descriptor 
R5 
R6 
How Passed 
R2 + descriptor 
Fixup 
units 
units 
Error # 
17 Index out-of-bounds for destination 
string. 
Set out-of-bounds index 
or J < 1-1 
comments: 
Registers Unsafe Across Call: FO,Fl. 
to first or last character 
of destination. 
Algorithm: First, the length of the partition is compared to the length of 
the source. If the source is longer, truncate it. If the destination 
partition is longer, then pad with blanks. The character count is 
determined and the string is moved byte-by-byte with the GTBYTE and STBYTE 
routines. 
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CPAS 
Execution Time (microseconds): 
LHP 
34.2 + KA + E (5.6 + KCLOUT+K) + KD 
k=l 
+ 
NCHAR 
E 
k=l 
(7.6 + KC I +K_l + KFk ) + KE 
+ 
RHP 
E 
k=l 
(5.6 + KCI+LIN+K-l) + KG 
where 
LOUT = length(C2) before assignment 
LIN = length(Cl) 
KA = {25.4 if J <= LOUT 
34.0 if J > LOUT 
LPART = J-I+l (length of partition) 
KB ={9.2 i.f LPART > 0 and LPART <= 
13.S if LPART > o and LPART > 
o otherwise 
LHP = I-LOUT-l 
KCX ={19.2 if X is odd 17.2 if X is even 
KD = {4. 0 if LHP <= 0 
o o'therwise 
NCHAR = MINIMUM(LPART,LIN) 
KE ;:: {.S if NCHAR = 0 
o otherwise 
KFX ={15.6 if X is odd 
14.4 if X is even 
RHP LPART-LIN 
KG = • 4 if RHP <= 0 
o otherwise 
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CPASP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CPASP Size of Code Area: 16 
--------
146 Hw Data CSECT Size: a Stack Requirement: ___ 
-----.---
o Intrin!>ic m Procedure 
Other Library Modules Referenced: CASPV, CPAS 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CPASP 
Function: Assigns a partition of a character string into a partition 
of another character string. 
Invoked by: EJ Compiler emitted code for HALlS construct of the form: 
C1I TO J = C2K TO L; Cl and C2 are character strings, and I,J,K,L are integers. 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
character{source)C2 
;!.nteger (K) 
~nteger(Ll 
integer ':r I iJ) 
output Results: 
Precision 
~ Precision 
character (destination) Cl 
Errors Detected: 
42.8 + time for CASPV and CPAS, 
How Passed 
R4 -+ descriptor 
R5 
R6 
R7 
How Passed 
Rl -+ descr~ptor 
Error # Cause Fixup 
Hw 
Hw 
Units 
Units 
17 Subscript of character string out of 
bounds. 
Comments: 
Set out-of-bounds value 
to first or last 
character of associated 
string. 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: The input partition is put into a VAC by the CASPV routine. 
The index arguments of the destination string and pointers are set up 
for the CPAS routine, that then moves the contents of the VAC into the 
destination string. 
REPRODUCIBILIT"i OF TIrE 
OlHGINAL FAGI:; 
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Source Member Name: CPR Size of Code Area: ______ ~4~6 _____ Hw 1 I 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Stack Requirement: ___ ~O __ ...,;Hw Data CSECT Size: o Hw -------:~--
rn Intrinsic 0 Procedure 
: : 
Other Library Modules Referenced :None. i 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ ~C:::.P.::;R:.-______ _ 
Function: Compares two character strings, for '=' or '...,=, and sets 
condition code. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
IF CI = C2 ••• , where Cl and C2 are character strings. 
~ Other Library Modules: CPRA 
Execution Time (microseconds): (see next page). 
Input Arguments: 
~ Character (CI) 
Character (C2) 
output Results: 
~ 
equal/not equal 
Errors Detected: 
Error # 
Precision 
Precision 
Cause 
How Passed 
R2 + descriptor 
R3 + descriptor 
How Passed 
condition code 
Fixup 
Units 
Units 
Comments: In order to not change the condition code after the comparisons 
and before exiting, instructions that change the c.c. are replaced by those 
that do not change it. For exampls; LH replaced by IHL and SLL. (Cont'd. below) 
Algorithm: See CPRC entry. 
Comments: (.Cbnt'd.) 
Registers Unsafe Across Call: R2,R3,R4,R5,R6. 
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Execution Time (microseconds): 
If Cl and C2 do not halfword compare and K > 2: 
setup + ll.6J + 12.9 
If K is even or K = 0 and Cl and C2 halfword compare 1 up till the 
th K character: 
setup + ll.6n + 20.1 
If K is odd and Cl = C2 up till the Kth character: 
setup + ll.6n + 29.9 
If K is odd and only the last characters compared differ 
setup + ll.6n + 20.3 
where: 
K = minimum(length(Cl), length(C2» 
setup 23 + .4 (if length(C2) < length(Cl» 
J number of matching halfword compares 
n floor (K/2) 
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CPR 
Secondary En try Name: CPRC 
Function: Compares two character strings for collating sequence and 
sets condition code. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
If Cl < C2 ••. , or any other relational operato):", except '=', or ' ..,=' . 
o other library modules: 
Execu,tion Time (microseconds): 
Input Argurnen ts : 
~ 
character (Cl) 
character (C2) 
output Results: 
Precision 
Sarne as CPR 
~ Precision 
relation 
. Errors Detected: 
Error # Cause 
Comments: See CPR 
How Passed 
R2 - descripter 
R3 - descripter 
How Passed 
condition code 
Registers Unsafe Across Call: R2,R3,R4,RS,R6. 
Fixup 
Algorithm: Find the smaller of the lengths of the two strings to be 
compared. Compare this many characters halfword-by-halfword, and 
compare the upper bytes of the last halfwords separately if the 
character count is odd. If any of these comparisons are unequal, 
then return the resultant condition code. If all are equal, then 
compare the lengths of the two strings, and return the resultant 
code. 
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CPRA 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: C}'RA Size of Code Area: 2-9 Uw 
,--.;;.;;.-----_;";'I~;"--
Stack Requirement: __ . __ 2_2 __ Hw Data CSECT Siz.e: o 
o Intrinsic lEI Procedure 
Other Library Modules Referenced: ______ ~C~P~R~ ______________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CPRA 
Function: Compares arrays of character strings. 
Invoked by: 
~ Compiler emitted code for HAL/S construct of the form: 
IF Sl = 82, where 81 and 82 are structures, one of whose nodes 
is a length n array of character strings. 
[J Other Library Modules: 
NCMP 
Execution Time (microseconds): 23.2 + E (18.2 + CPRTIMEk ) - 14.2 (if arrays k=l are not equal) (Cont'd. below). 
Input Arguments: 
~ Precision 
character array 
character array 
ipteger(#)Hw in each string) 8P 
~nteger Cn 8P 
output Results: 
~ Precision 
equal/not equal 
Errors Detected: 
Error # 
Comments: 
Cause 
Registers Unsafe Across Call: None. 
How Passed 
R2 + oth element 
R3 + oth element 
ii9 
How Passed 
condition code 
Fixup 
Algorithm: Pointers to character strings within the array are set, th~n 
CPR routine called. If all pairs of strings within the array are equal, 
result of CPRA is "equal", otherwise the result is Ilnot equal I'. 
Execution Time (Cont'd.) 
where NCMP = number of elements in arrays if arrays are equal, 
index of first non-matching character strings in 
arrays if arrays not equal. 
CPRTIMEX = time in CPR for 81.C$(X:) and 82.C${X:) where C is 
node for the array of character strings. 
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CRJSTV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CRJSTV Si ze of Code Area: __ 46 , ____ Hw 
18 ,- Data CSECT Size: ___ ......;2:..-:..-__ Hw stack Requirement: Hw 
--------' 
o Intrinsic ~Procedure 
Other Library Modules Referenced: GTBYTE, STBYTE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CRJSTV 
Function: Right-adjusts a character string to a specified length by: 
1) padding on left with blanks if too short. 
2) truncating on left if too long. 
Invoked by: 
Oil Compiler emitted code for HALlS construct of the form: 
RJUST(A,B), where A is a character string, and 
B is an integer. 
[J other Library Modules: 
Execution Time (microseconds): (See next page) . 
Input Argurnent..9. 
~ Precision How Passed 
character (A) 
integer (B) SP 
R4 + descriptor 
R5 
output Results: 
~ Precision How Passed 
Character (temporary) R2 + descriptor 
Errors Detected: 
Cause Fixup 
Units 
Units 
Error # 
18 Input string length greater than input 
size or B < O. 
Truncate input string 
on left to proper size. 
Comments: 
Registers Unsaf,a Across Call: FO, Fl. 
Algori thrn: Compares re,quested length to 255 and retain smaller as Li 
Compares current length with L: 
if greater, truncates on left and moves to input; 
if same, moves string to output; 
if less, pads on left and moves input st~ing to output. 
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CRJSTV 
Execution Time (microsecond~): 
NBLANK 
34.8 + KA + l: 
k=l 
(6.8 + KBk ) + KC 
NCHAR 
+ l: 
k=l 
(5.6 + KDk + KBNBLANK+K) + KE 
where: 
KA = {o if B >= 255 
2.8 if B < 255 
NBLANK = ~ B-length (~) if B > length (~) 
\ 0 otherwise 
KBx = {19.2 if X is odd 
17.2 if X is even 
KC = {1. 2 if NBLANK > 0 
o otherwise 
NCHAR = length (A) 
KD = {15.6 if X is odd 
X 14.4 if X is even 
KE = {.4 if NCHAR = 0 
o otherwise 
5-264 
~,.,..,..,,[~.-n'~"~'." 
, ' 
"_, ';.,~"-~>_t'O>'":"'" '-4~~~~ 
CRJSTV 
" 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
~~I,,,,q ... _ ... ,,,,,,,,.,,,,_ ... ,.. ....... , ..."" ............... --.,"".,,"",!I"% .,.,; ''''''''''"',''",''!'O ..... , ....."..---'~-~-~~----.~~--~-"" ,-' "---------'------.-
I" ,,,,::::'k:','," _,_ , ,; , 
..... , 
CTRIMV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source 1-1ember Name: CTRIMV Size of Code Area: 94 H,., 
------
Stack Requirement: ___ 1_8 ___ HW Data CSECT Size: _____ 0---=-___ H,., 
o Intrinsic ~ Procedure 
Other Library Modules Referenced: GTBYTE, STBYTE 
ENTRY POINT DESCRIP'IIONS 
Primary Entry Name: CTRIMV 
Function: Implements HALlS TRIM function - strips leading and 
trailing blanks from a character string. 
Invoked by: on compiler emitted code for HALlS construct of the form: 
TRIM(C), where C is a character string. 
[J Other Library Modules: 
Execution Time (micros~conds): (See next page) . 
Input Arguments: 
~ Precision How Passed 
character (C) R4 + descriptor 
output Results: 
~ Precision Hoy, Passed 
character (temporary) R2 -r descriptor 
Errors Detected: 
Error '# Cause Fixup 
Comments: 
Registers Unsafe Across Call: FO(FI. 
Units 
Units 
Algorithm: Because there are no character or byte compare instructions 
on the AP-lOI, the routine first tests length of string. If odd, it sets 
R7 to 1. "Length" is shifted right 1, resulting in length in it of halfwords 
(-1 if odd). Compares first halfword with bt, continues comparing consecutive 
halfwords of string with -t15, until a halfword that is not equal to bb is 
found. Then tests this halfword to see if first byte is -to Adds length of 
string in halfwords to pointer to stri.n;r, resulting in a pointer to end of string. 
Compares last halfword of string with 00. If equal, then moves pointer back 
a halfword and again compares. When a halfword not equal to 1)1 is found, the ... 
halfword is tested to see if it is ct or CC (where C stands for any character) , 
Length of string is appropriately adjusted, and routine branches to a character 
move loop. 
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CTRIMV 
CTRIMV 
Execution Time (microseconds) : 
If length (C) 
If length (C) 
If length (C) 
If length (C) 
44.6 
where: 
KA 
KB 
= 0: 30.4 
= 1 and C is a blank: 64.0 
I and C is not a blank: 102.8 
> I and. all blank 
+ KA + 13.2KB 
o if length(C) is even 
19.4 if length(C) is odd 
floor (length(C)/2) 
If length(C) > 1 and not all blank 
60.4 + KA + l3.2·KB + KC + KD(11.6·KE + 13.6 + KF) 
where: 
KA 
KB 
NCHAR 
+ L: 
k=l 
(39.2 + KG k 1 + KIk ) KH+ -
Oif length (C) is even 
19.4 if length(C) is odd and C$(#) is 
18.4 if length (C) is odd and C$ (#) -, = 
and C$ (#)...,= null 
22.4 if length (C) is odd and C$(#)..,= 
and C$(#) = null 
blank 
blank 
blank 
# halfwords blanki iblank at the beginning of C 
KC = 0 if index of first non blank character is odd 
and this character = null 
4.8 if index of first non blank character is odd 
and this character = null 
9.0 if index of first non blank character is even. 
KD 0 if length (C) is odd and (C$ (#) .., = blank 
1 otherwise. 
KE # halfwords = blanki iblank at the end of C 
(Continued on next page) 
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CTRIMV 
CTRIMV 
Execution Time (Continued): 
KF = 0 if index o£ last untrimmed character is even and 
this character ,= null 
NCHAR 
KG X 
KH 
= 
3.6 if index of last 
this character 
4.4 if index of last 
length of result. 
o if X is even 
2.0 if X is odd 
untrimmed character 
= null 
untrimmed character 
index of first non blank character 
o if X is odd 
],2 if X is even 
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5.3.5 Array Function Routine Descriptions 
This subsection presents those routines which 
are classed as "ARRAY FUNCTIONS" by the HALlS Language 
Specification. These are routines which operate upon 
arrayed arguments and produce a single element result. 
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DMAX 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DMAX Size of-Code Area: 10 Hw 
---=:.;...-----
Stack Requirement: Data CSECT Size: o Hw 
---------' 
o Hw 
----------
rn Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DMAX 
Function: Finds maximum value in a double precision scalar array. 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form: 
~.AX «DP array» 
[J Other Library Modules: 
Execution Time (microseconds): 17.6L + 14.6m + 11.4, where L 
CURRMAX changes; M = # of times CURRMAX does not change, L+M 
in array)-l. 
# of times 
Input Arguments: 
~ Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + Oth element 
R5 
How Passed 
FO 
(# of elements 
Units 
units 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algorithm: A loop is set up to compare each element of the array to the 
current max. Initially, the first element is CURRMAX, Each subsequent 
element of greater value replaces the former CURRMAX. The counter is 
decremented after each comparison .. The value of CURRMAX when the counter 
is zero is the max of the array and is passed back to the calling program, 
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DMIN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DMIN Size of Code Area: ____ ~l~Q~______ Hw 
Stack Requirement: 0 Hw Data CSECT Size: o Hw 
-----------------
rn Intrinsic 0 Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DMIN 
----------------------
Function: Finds minimum value of a double precision scalar array. 
Invoked by: no Compiler emitted code for HALlS construct of the form: 
MIN«DP scalar array» 
/ 
[] Other Library Modules: 
Execution Time (microseconds): 
CURRMIN changes; M = # of times 
in array)-1. 
l7.6L -:- 14. 6m + 11. 4, where L = # of times 
CURru1IN does not change; L+M = (# of elements 
Input Arguments: 
~ 
Scalar array 
Integer (size) 
Output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + Oth element 
R5 
How Passed 
FO 
Comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algorithm: Similar to MAX functions, except register contains the 
current minimum and is changed when an element in the array has a ' 
smaller value ·than CURRMIN. 
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DPROD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DPROD Size of'Code Area: 1
4 Hw 
------
--
o o Data CSECT Size: Hw 
------
--stack Requirement: Hw 
-------
rm Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DPROD 
Function: Calculates the product of the elements of a double precision 
scalar array. 
Invoked by: ka Compiler emitted code for HALlS construct of the form: 
PROD «DP scalar array» 
[] Other Library Modules: 
Execution Time (microseconds): 20.6n + 6.2 if product is not zero, where 
n = # of elements in the array. 20.6m + 2.6 if produce is zero, where
 m = 
index into the linear representation of the array of the first zero elem
ent. 
Input Arguments: 
.'D'...E!:. 
Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 + oth element 
R5 
How Passed 
FO 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algorithm: Similar to the algorithm for the SUM functions. An 
units 
units 
accumula'tor is initialized to one. The value in the accumulator is' 
multiplied by each element of the array; the'result of each multiplicati
on 
is saved in the accumUlator. After.each multiplication, the result is 
checked for a zero product. If the product is ever zero, the routine 
exits and returns zero. 
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DSUM 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: DSUM Size of Code Area: 6~ _____ HW 
stack Requirement: ____ O_--'HW Data CSECT Size: o Hw 
--------
[] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Pr imary Entry Name: DSUM 
Function: Calculates the sum of the elements of a double precision 
scalar array. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
SUM«DP scalar array» 
[] Other Library Modules: 
Execution Time (microseconds): 7.2 + 11.6n, where n = # of elements in the 
array. 
Input Arguments: 
~ 
Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error If 
Precision 
DP 
SP 
Precision 
DP 
Cause 
How Passed 
R2 -+ Oth element 
R5 
How Passed 
FO 
comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algorithm: An accumulator (FO, Fl) is initialized to zero. £ach element 
of the array is added to the accumula~or in a loop based upon the array 
size. 
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EMAX 
HALlS-Fe LIBRARY ROUTINE DESCRIPTION 
Source Member Name: EMAX Size of Code Ar~a: 
--------
8 
Stack Requirement: _____ O_-..;HW Data CSECT Size: ,---_.---o 
lID Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIP,'l'IONS 
Primary Entry Name: EMAX 
Function: Finds maximum value in a single precision scalar array. 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form: 
M~«SP scalar array» 
I 
[J Other Library Modules: 
Execut:ion Time (microseconds): 9.8 + 10. 8m + 12. 2L, where m = # of 
times CURRMAX does not change; L = # of times CURRMAX changes; and 
M+L = (# of elements in array)-l. 
Input Arguments: 
~ 
Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 -)- Oth element 
R5 
How Passed 
FO 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Hw 
Hw 
Units 
units 
Algorithm: Same as DMAX except that operations are all single precision. 
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EMIN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: EMIN Size of Code Area: 8 Hw 
._-----
Stack Requirement: o ______ ....:Hw Data CSECT Size: ___ 0 ______ Hw 
[) Intrinsic o Procedure 
Other Library Modules Referenced: None, 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EMIN 
Function: Finds minimum value in an array of single precision scalar. 
Invoked by: 
~compiler emitted code for HALlS construct of the form: 
MIN«SP scalar array» 
[] Other Library Modules: 
Execution Time (microseconds): 
CURRMIN does not change; L = 
elements in array)-l. 
9.8 + 10.8m + l2.2L, where m = # of times 
# of times CURRMIN changes; and M+L = (# of 
Input Arguments: 
Type 
Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 -+ oth element 
R5 
How Passed 
FO 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, RS, FO, Fl. 
Algorithm: Same as DMIN, except operations are in single precision 
floating point. 
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,EPROD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
10 EPROD Size of Code Area: Hw 
--------
Source Member Name: 
Stack Requirement: ____ O_~HW Data CSECT Size: o Hw 
----.::----
l!J Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: EPROD 
Function: Calculates product of elements of a single precision scalar array. 
Invoked by: tJ Compiler emitted code for HALlS construct of the form: 
PROD «SP scalar array» 
[] Other Library Modules: 
Execution Time (microseconds): l3.2n + 4.6 if produce is not zero, where 
n ;:: # of elements in the array. 13. 2m + 1.4 if product is zero, where m = 
index into the linear representation of the array of the first zero element. 
Input Arguments: 
~ 
Scalar array 
Integer (size) 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
---
How Passed 
R2 + oth element 
R5 
How Passed 
FO 
Fixup 
Comments: Ragisters Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algorithm: Same as DPROD. 
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ESUM 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ESUM Size of'Code Area: ~6~ ____________ HW 
____ O_----:HW 
° Data CSECT Size: Hw ---------------Stack Requirement: 
~ Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ESUM 
Function: Calculates sum of elements in a single precision scalar array, 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
SUM«SP scalar array» 
[J Other Library Modules: 
Execution Time (microseconds): 5.2 + 6.6n, where n if of elements in the array. 
Input Arguments: 
~ 
Scalar array 
Integer (size) 
output. Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + Oth element 
R5 
How Passed 
FO 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, FO, Fl. 
Algoritlun: Same as DSUM. 
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HMAX 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: HMAX Size of Code Area: 
.L.. ______ Hw 
Stack Requirement: ___ O __ ~Hw Data CSECT Size: 
o Hw 
-----~------
IiJ Intrinsic o Procedure 
Other Library Modules Referenced: None. -~~~~----.~ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: HMAX 
Function: Finds maximum value in a single precision integer array. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
~X(<SP integer array» 
[] Other Library Modules: 
Execution Time (microseconds): 
CURRMAX does not change; k = # 
elements in array)-l. 
11.0 + 7.8m + 9.2k, where m = # of times 
of times CURID1AX changes i and m+k = (i~ of 
Input Arguments: 
~ Precision 
Integer array 
Integer (size) 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + Oth element 
R5 
How Passed 
R5 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, R6. 
Algorithm: Same as DMAX, except that all operations deal with 
halfword integers. 
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HMIN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: HMIN Size of Code Area: 8 Hw 
--------
Stack Requirement: 0 Hw Data CSEcr Size: 0 _____________ HW 
I]J Intrinsic 0 Procedure 
Other ~ibrary Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary En try Name: HMIN 
Function: Finds minimum value in a single precision integer array, 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
MIN«SP integer array» 
[] Other Library Modules: 
Execution Time (microseconds): 
CURRMIN does not change; k = 
elements in array)-l. 
11.0 + 7.8m + 9.2k, where m = # of times 
# of times CURRMIN changes; and m+k = (# of 
Input Arguments: 
~ 
Integer array 
Integer (size) 
Outpll t Resul t;s : 
~ 
Integer 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
RS 
How Passed 
RS 
E'ixup 
Comments: Registers Unsafe Across Call ~ R2, R4, RS I R6. 
Units 
units 
Algorithm: Same as DMIN,except that operations are for halfword integers. 
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HPROD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: HPROD Size of q,ode Area: ~_. __________ tlW 
____ O __ -.,.;Hw 
° 
Stack Requirement: Data CSECT Size: Hw 
._-------
KJ Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: HPROD 
Function: Calculates product of elements in a single precision integer array. 
Invoked by: 
1LJ Compiler emitted code for HALlS construct of the fonn: 
PROD«SP integer array» 
o Other Library Modules: 
Execution Time (microseconds): 12.4n + 5.8 if product is not zero, where 
n = # of elements in array. 12.4m + 2.2 if product is zero, where m = index 
into the linear representation of the array of the first zero element. 
Input Arguments: 
~ Precision HO\,1 Passed Uni ts 
Integer array 
Integer (size) 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
SP 
SP 
Precisi.on 
SP 
Cause 
R2 + oth element 
R5 
How Passed 
R5 
Comments: Registers Unsafe Across Call: R2, R4, R5, R6. 
Algorithm: Same as DPROD. 
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HSUM 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
HSUM 6 Hw -~-----Source Member Name: Size of Code Area: 
o Data CSECT Size: _______ 0_________ Hw Stack Requirement: Hw 
--------
[iJ Intrinsic o Procedure 
Other Library Modules Referenced: None. 
, __________ "" __
__
__
__
__
__
__
__
__
__
 ...a 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ .;;H;;;Sc,;;U.;;,.M;....-______ _ 
Function: Calculates sum of elements in a single precision integer arra
y. 
Invoked by: [i Compiler emitted code for HALlS construct of the form; 
SUM (<SP in'teger array» 
[] Other Library Modules: 
Execution Time (microseconds)~ 4.4 + 5.4n, where n = # of elements in th
e array. 
1nput Arguments: 
~ 
Integer array 
Integer (size) 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
R2 + oth element 
R5 
~assed 
R5 
Fixup 
Comments: Register Unsafe Across Call: R2, R4, R5, R6. 
Algorithm: Same as DSUM. 
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IM8X 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: IMAX si ze of' Code Area: ____ 8 _
___
_ ~ Hw 
Stack Requirement: __ ' __ ._~Jlw 
l!J In'trinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
primary :Entry Name: IMAX 
o Data CSECT Sil!:e: 
------------
-----
o Procedure 
None. 
Function: Finds maximum value in a double precision integer array. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form: 
~X(<DP integer array» 
, 
[J Other Library Modules: 
Hw 
Execution Time (microseconds): 11.1 + 7.8m + 4.3k, where m = # of times 
CURRMAX d<;>es hot change, k =.# of times CURRMAX changes, and m+k = # of 
elements ~n array-I. 
Input Arguments: 
~ Precision How Passed Units 
Integer array 
Integer (size) 
output Res1l1 ts : 
~ 
Int.eger 
Errors De'cected: 
Error # 
DP 
SP 
Precision 
DP 
Cause 
R2 + oth element 
R5 
How Passed 
R5 
Comments: Registers Unsafe Across Call: R2, R4, R5, R6. 
units 
Algorithm: Same as DMAX, except that all operations are'on f1l11word inte
gers. 
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!MIN 
HAL/S-FC LIBRARY ROUTINE DESCR.T.PTION 
Hw 
--------
IMIN, Size of'Code Area: 8 Source Member Name: 
Stack Requirement: o Hw ----~--....; Data CSECT Size: 
__ ~~~o_ .. _________ Hw 
a !nt:dnsic o Procedure 
Other Library Mqdules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ____ I_M_I~N __________ . __ ~ __ 
r'unction: Finds minimum value in a double precision integer array, 
Invoked by: kJ Compiler emitted code for HALlS construct of the form: 
lUN «OP integer array» 
[J Other Library Modules: 
Execution Time (microseconds): 11.1 + 7.8m + 9.3k, where m 
does not change, k = # of times CURRMIN changes, and m+k 
array -1. 
= # of times CUPRMIN 
# of elements in 
Input Arguments: 
Type 
lnteger array 
Integer (size) 
OUtput Results: 
~ 
Integer 
Errors Detected: 
Er:eor # 
precision 
DJ? 
SP 
Precision 
---...--
OP 
Cause 
How Passed 
R2 .:;:--om element 
RS 
How Passed. 
RS 
Comments: Registers Unsafe ,Across Call: 1'\2, R4, RS I R6. 
Units 
Units 
Fixup 
Algorithm: Same as DMIN, except that all operations are done for fullword 
integers. 
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IPROD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: IPROD Size of-Code Area: __ ~2~2 __ . ________ HW 
stack Requirement; a Hw Data CSECT Size: ___ ~o _____ Hw 
[j Intrinsic o Procedure 
Other Library Modules Referenced: None, 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: I PROD 
Function:Calculates product of elements in a double precision integer array. 
Invoked by: Ga Compiler emitted code for HALlS construct of the form: 
PROD«DP integer array» 
[] Other Library Modules: 
Execution Time (microseconds): l7.0L + 21.6m + 5.8 if product is not zero, where 
L = # of pOI>itive intermediate products; m = # of negative intermediate products; 
L+m = # of nlements in array. l7.0L + 21.6m + 19.6 if product is not zero, where 
Land m are ~s above, L+m =: (index into linear representa.tion of the array of 
t ,the first zero element).,..l. Input Arguman s: 
~ 
Integ'er array 
Integer (si~£.i 
Output Results: 
r~ 
Integer 
Errors Detected: 
Error.Jl 
Precision 
DP 
SP 
Precision 
DP 
Cause 
.~
How Passed 
R2 + oth element 
R5 
How Passed 
R5 
Fixup 
Comments: Registers Unsafe Across Call: R2, R4, R5, R6, R7. 
Algorithm: Same basic algorithm as DPROD, however, special detection 
Units 
Units 
of an overflow condition is performed; For full word integer 
multiplication, the overflow indicator is only set when -1 is 
multiplied by -1. The result after each multiplication is checked 
for an overflow by testing'the first 32· bits of the 64 bit result 
for all zeros or ones, If the result does overflow 32 bits, then a 
fixed point overflow is forced by adding a very large number to 
the first register of the pair (the register with the overflowing 
bits) • 
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ISUM 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
source Member Name: !SUM -Size of Code Area: 6 HW 
Stack Requirement: 
° Data CSECT Size: 
______ 0 _____ HW Hw ~--~----' 
Ii] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ISUM 
Function: Caiculat~s sum of elements in a double precision integer array. 
Invoked by: liJ Compilel;" emitted code for HALls construct of the form: 
SUM«DP integer array» 
o Other Libl;"ary Modules: 
Execution Time (microseconds): 4.4 + 5.4n, where n # of elements in array. 
Input Arguments: 
~ 
Integer array 
Intege:r(size) 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
Precision 
'OP 
SP 
Precision 
DP 
Cause 
---
How Passed 
R2 + oth eJ.ement 
R5 
How Passed 
R5 
Fixup 
CQmments: Registers Unsafe Across Call: R2, R4, R5, R6, 
Algorithm: Same as DSUM. 
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5.3.6 Miscellaneous Routine Descriptions 
This subsection presents those routines which 
do not fall easily into the previous five sections. 
These encompass conversion routines as well as "service" 
routines used by other library members. 
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BTOC 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: l3TOC Size of Code Area: 
28 Hw 
---..;.;..;.------
Stack Requirement: o Hw Data CSECT Size: 
o Hw 
--------~--------....... --~ 
rn Intrinsic o procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Prima~y Entry Name; BTOC 
Function: Conversion from bit data to character data. 
Invok.ed by: Q Compiler emi·tted code for HAL!S construct of the form; 
CHARACTER@BIN{<bit string». 
[] Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
TYI?e 
Bit 
Integer (length) 
output Results: 
~ 
Character 
Errors Do.tected: 
Error # 
Precision 
SP 
Precision 
161.0 (for l6-bit string) 
Cause 
How Passed 
R5 
R6 
How Passed 
R2 -+ descriptor 
Fixup 
Comments: Registers unsafe Across Call: Rl,R2,R3,R4,RS,R6,R7. 
l\lgori'thm: First, unwanted bits are shifted out of the string, using 
units 
uni.ts 
the length argument. Then, bits are shifted one by one out of the top of
 
the R5 into the bottom of R4, where they are shifted to bit positions 
15 and 31 and converted to character for.mat. The output string is 
stored halfword by halfword, with the length taken directly from the 
inpu·t length. 
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CSHAPQ 
HAL/S-FC LIBRARY ROUTtNE DESCRIPTION 
SoUree Member Name: CSMPQ Size of Code Area: 40 
-------..... 
4 18 
---
Stack Requirement: Hw 
-----
Data CSECT Size: 
----------------
o Intrinsic o Procedure 
Other Library Modules Referenced: CTOH,CTOI,CTOE,CTOD 
ENTRY POINT DESCRIPTIONS 
Prima~y Entry Name: CSHAPQ 
Funetion; Shapes arrayed character data to arrayed numeric data of 
an explicit type and precision. 
Invoked by: Gil Compiler emitted code for HALlS construct of the form: 
Hw 
Hw 
INTEGERN(CA), INTEGER@DOUBLE,N(CA)' SCALA~(CA), SCALAR@DOUBLE,N(CA), 
O . whereCA is a character array of length n of Other Library Modules: CHARACTER(m). 
Execution Time (microseconds): (See next page) . 
Input Arguments: 
~ 
character array(n) 
integer(n) 
integer(type *) 
integer (m) 
output Results: 
~ 
array (n) 
Errors Detected: 
Error # 
Precision 
SP 
SP 
SP 
Precision 
type 
Cause 
How Passed 
R4 ~ 1st element 
R5 
R6 
R7 
How Passed 
R2 
Comments: Registers Unsafe Across Call: FO,FI,F2,F3,F4,FS 
Algorithrn: 
type*: 0 + H conversion 
I ~ I conversion 
2 ~ E conversioR 
3 ~ D conversion 
units 
units 
The address of one of 4 internal loops is loaded from a table using 
the type coda as an index and control is passed to that loop. The 
four internal loops are similar in action: a call is made to the 
appropriate character conversion routine (CTOH, CTOI, CTOE, CTOD) 
follo,",ed by the appropriate stm::e (STH, ST, STE, STED) in·to the resnlt 
array, fOllowed by instructions to bnmp both the character and resnlt 
array pointers, looping on n. 
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CSHAPQ 
Execution Time (microseconds); 
For ha1fword INTEGER conversion: 
n 
25.2 + E (19.6 + CTOH
K
) 
k=1 
CSHAPQ 
where CTOHK = time in eTOH for the Kth conversion. 
For fu11word INTEGER conversion: 
n 
24.8 + E 
k=1 
where CTOIK = ·time in CTO! for the Kth conversion. 
For fu11word SCALAR conversion: 
n 
25.2 + i.: 
k=l 
where CTOEK = time in CTOE for the Kth conversion. 
For double-word SCALAR conversion~ 
n 
22.8 + E 
k=l 
th 
where C'l'ODK = time in C'l'OD for ,the K conversion. 
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CSLD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CSLD Size of· Code Area: 246 Hw --~~---
Stack Requirement: 
" 
Hw Data CSECT Size: 4 Hw 
--------
o Intrinsic l!] P!;'ocedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CSLD 
Function: Loads bit pattern of a character string, 
Invoked by: kJ Compiler emitted code for HALlS construct of the form; 
B=SUBBIT(C) where B is a bit string and C is a character string. 
[J Other Library Modules: 
Execution Time (microseconds): if letlgth(C) = 0: 28.8 
If length(C) ( 0: 56.3 + 0.8 (if length(C) > 4) 
Input Arguments: 
~ Precision HoW Passed units 
char string R2 + descriptor 
output Results: 
~ Precision How Passed Units 
bit string length ·32 R5 
Errors DE'tected: 
Error # Cause 
comments: If input string is null, the 0 bit string is returned; no error. 
Registers Unsafe Across Call: RS,FO,FI. 
Algorithm: The first character is set to 1 by clearing R5. The 
character width is set to the current length of the string. For 
the rest, see the description under entry CSLDP, after the 
character partition checking, at the point marked 00 . 
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CSLD 
Secondary Entry Name: CSLDP 
Function: Loads bit pattern of a partitioned character string. 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form: 
BIT_~TRING = SUBBIT(CHAR_STRINGWIDTH AT FIRST) 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments; 
TY2e Precision 
character string 
integer(first character) SP 
integer(last character) SP 
output Results: 
69.7 + 0.8 (if WIDTH> 4) 
+ 4.0 (if FIRST is even) 
How Passed 
R2 :;:: descr~ptor 
R5 
R6 
units 
-
~ Precision How Passed 
R5 
units 
bit string 
Errors Detected: 
Error # 
17 
length(32) 
Cause 
Character subscript out of legal 
range. 
Fixup 
l} If <If set to 1 
2) IF > length of string, 
set to length (string) 
Comments: 0 bit string returned if last character 3) If last char < first 
specified < first oharacter specified char! return 0 string. 
(with ERROR 17). Registers Unsafe' Across Call: R5,FO,Fl. 
Algorithm: ,The character partition is cheaked for validty before anythi
ng 
else is done, All error J.7 t s are sent during this phase. {!} The 
partition width is checked, and if it is < 0, the zero string is 
returned in R5. ,If greater than 4, it is~set to 4. The address of 
the halfword containing the first character of the partition is found b
y 
add~ng ~(t+first character) to the address of 'the first halfword 
of the string. This halfword and the next two halfwords are loaded 
into the low half of R4, and the high and low halves of RS, respectivel
y. 
Unwanted bits are masked off the left and shifted off the ri9ht (shift 
count = 48-8*width), and the desired bit string is left in R!;. 
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CSLD 
Secondary Entry Name: CPSLD 
Function: Loads specified bits of a character string. 
Invoked by: 
em Compiler emitted code for HALlS construct of the form: 
BIT_STRING = SUBBITF1RST TO LAST (CHAR yTRING) 
[] other library modules: 
Execution Time (microseconds): 71.8 
Input Arguments: 
!Y~ 
character string 
integer (first bit) 
integer(last bit) 
output Results: 
~ 
bit string 
Errors Detected: 
Error # 
Precis5.on 
SP 
SP 
Precision 
length (32) 
Cause 
How Passed 
R2 -+ descriptor 
RS 
R6 
How Passed 
R5 
Fixup 
units 
Units 
30 Subbit partition out of range. 1) If 1st bit <If set to 1 (keep constant partition 
width by adjusting last bit) 
Cdmments: If input string is null, ERROR 30 is sent 
and the 0 bit string is returned. 
2) If 1st or last bit> 
last bit of character string, 
set egual to last bit of 
char string. 
Registers Unsafe Across Call: R5,FO,Fl. 
Algorithm: The subbit partition is tested for validity before anything 
else is done. All ERROR 30's are sent during these tests. 4 halfwords 
containing the required partition are loaded into a register pair. Unwanted 
bits are shifted off the top (left shift count = first bit-I), and the 
bottom (right shift count = 64 .... width), leaving the required string in R5. 
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CSLD 
Secondary Entry Name: CPSLDP 
Function: Loads selected bits of a partitioned character string. 
Invoked by: 
[i] Compiler emi'tted code for HALlS construct of the form: 
BIT STRING = SUBBIT T B(CHAR STRING T D) 
- A 0 - C 0 
[J Other library modules: 
Execution Time (microseconds): 98,6 + 9.2 (if C is even) 
Input Arguments: 
~ Precision How Passed 
character string 
integer (C) 
(Continued on 
output Results: 
SP 
R2 + descriptor 
R5 
~ 
bit string 
Errqrs Detected: 
Error # 
17 
30 
Comments: 
bottom of this page} 
Precision 
length (32) 
Cause 
How passed 
R5 
character subscript out of legal range. 
subbit partition Qut of legal range. 
Registers Unsafe Across Call. R5 ,FO ,Flo 
Fixup 
(See CSLDP) 
(See CPSLD) 
Units 
Units 
Algorithm: The character partition is checked for validity, and the 0 bit 
string is returned if last character < first character, Then the subbit 
partition is checked, resetting the bit pointer to'point 8 bits farther on 
if the character partition begins in the second character of a halfword .. 4 
halfwords containing the required partition are loaded into register pair 
R4 .... R5. Unwanted bits are shifted off the ·top (shift count := relative 1st 
bit-I) and the bottom (shift count = 64-bit width), leaving the desi:l;ed 
string in R5. 
Input Arguments 
!X£e 
inteqer(D) 
integer (A II B) 
(Con It) : 
Precision 
S!? 
(SpIIS!?) 
How Passed 
R6 
R7 
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Secondary Entry Name: CSST 
Function: stores a bit string into a character string •. 
Invoked by: 
[i] Compiler emitted code for HALls construct of the form: 
SUBBIT(C) = B where B is a BIT string and C is a character string. 
[] other library modules: 
Execution Time (microseco~dS): if length(C) =0: 26.6 if leng,th(C) > 0: 1.35.8 + 1.0 (if length(C) > 4) 
Input Arguments: 
~ Precision 
bit string 
output Results: 
~ 
character string 
Precision 
-' 
Errors Detected: 
Error # 
No errors detected in CSST. 
Cause 
Ho'tIT Passed 
R4 
How Passed 
R2 + descriptor 
Fixup 
Comments: If the length of the input character string is 0, no error is 
given, and nothing is changed. CSST' cannot change the length of the 
input string. Registers Unsafe AcrosS Call: R5,FO,Fl. 
Algorithm: ' The first character .is set to I by clearing R5, the character width is 
set to the current length of the string. Processing continues as at o in the description of the algorithm at entry CSSTP. 
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CStD 
Secondary Entry Name: ..... C ... S ... S..,To;P ___ _ 
Function: To store a bit string into a partitioned charac·ter string. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
SUBBIT(CHAR_STRINGA TO B) = BIT STRING 
(J other library modules: 
Execution Time {microseconds): 148 + KA + KB, where KA = 1.0 if B-A>4 
o otherwise 
KB = 9.2 if A is even 
Input Arguments: 
~ Precision 
bit string 
integer(first character) SP 
integer(last character) SP 
output Results: 
~ Precision 
character string 
Errors Detected: 
Error # Cause 
o otherwise 
How Passed 
R4 
R5 
R6 
How Passed 
R2 + descriptor 
Fixup 
Units 
Units 
17 character subscript out of legal range~ .(See CSLDP) r except 
if last char < first 
char, then leave input 
Comments: Registers Unsafe Across Ca:U; R5 ,FO ,Fl. string unchanged. 
CSSTP cannot change the current length of the character string; 
gives error is subscript out of current legal range. 
Algorithm: 
The character partition is checked for validity, and ERROR 17 is sent if 
anything is bad. 
The character 'partition width is checked 1 If it is < 0, then the input 
character string is returned unchanged. If > 4, the; it is set to 4 .. 
The first bit and last bit are det.ermined as; 
First bit = 1 + 8* (first character-I} 
Last bit = First bit + 8*character width-l 
The first bit, last bit, and character width of the string are then sent 
to I!l under en try CPSST. 
5-294 . 
INTERMETRICSINCORPORATEO· 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
.... ,.. 
.~~ 
r1 
, 
, 
j-, I! 
\«,; 
L ' 
~!-
l-
1 
i 
1'. 
! : , 
::,;;' -.. 
~ -~\il 
""r 
CSLD 
Secondary Entry Name: CPSST 
Function: To store a bit string into specified bits of a character string, 
Invoked by: 
[J Compiler emitted code for HALlS construct of the form: 
SUBBIT B(CHAR STRING) = BIT STRING A TO -
o other library modules: 
Execution Time (microseconds): 114.4 
Input Arguments: 
~ 
bit string 
integer (Ers·t bit) 
integer(last bit) 
output Results: 
~ 
Precision 
SP 
SP 
Precision 
How Passed 
R4 
R5 
.R6 
How Passed 
character string R2 + descriptor 
Errors Detected: 
Error # 
30 
Cause 
subbit partition out of legal range. 
FixuI? (See CPSLD) 
Comments: CPSST cannot change the current length of the ipput character 
string. In particular, a null character string input will result in a 
null string output. Registers Unsafe Across ,Call: R5,FO,Fl. 
Algorithm: Set character partition width to the current length of the 
character string. If it is 0, exit immediately after sending ERROR 30. 
~ Test ~ubbit partition for validity, and send ERROR 30 if anything 
is bad. Find the, first halfword containing the specified partition. 
Units 
Units 
The first bit relative to that hal£word, and the bit partition width thus: 
bit width = last bit - first bit + 1 
first halfword = 1 + (first bit ~ 1)/16 
relative first bit = first bit - 16{first halfword ~ 1) 
Load 4 half words, beginning with the first halfword of the partition, 
into register pair R4-R5. 
Prepare a mask with D's in the specified bit positions and l~s else 
where as the lIs complement of: 
(2bit width_I) (264-rela'tive last bit) 
where relative last bit = relative first bit + bit width - 1. 
Use this mask to mask out the old bits in R4-R5. Shift the input bit 
string left by (64-relative last bit) positions to align it with the 
specified bit posi·tiorts. Then OR it into the contents of R4-R5. Store 
this back into the character string, and exit. 
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Secondary Entry Name: CPSSTP 
Function; To store a bit string into selected bits of a partitioned 
character string, 
Invoked by; 
Gl Compiler emitted code for HALlS construct of the fo:rm: 
SUBBIT (CHAR STRING . ) = BIT STRING 
A TO B .,.. C 'fa D 
[J Other library modules: 
Execution Time (microseconds): 145.0 + 9.2(if C is even) 
Input Argurn.en ts: 
~~ 
integer-1C) 
integer (D) 
Precision 
SP 
. SP 
(Continued on bottom of this page) 
output Results: 
~ Precision 
How Passed 
, R5 
R6 
.' 
How Passed 
character string R2 + descriptor 
Errors Detected: 
Error # 
17 
30 
Cause 
character subscript out of legal range 
subbit partition out of legal range 
Fixup 
(See CSSTP) 
, (See CPSST) 
Units 
units 
Comments: CPSSTP cannot change the ?u~rent length of the input character 
string. Registers Unsafe Across Call: R5,FO,Fl. 
Algorithm: Check character partition for validity, give any error 17's necessary, 
and. exit if last char < first char on currlen = D. Reset character pointer 
to 1 halfword before the first halfword of the sp~cified partition, bumping 
first and last bits by 8 if the first character is even (so lies in low-order 
8 bits of the halfword) after checking validity of first bit, and sending 
error 30 if it is < 1. ~contin~e as t!) of CPSST. 
Input Arguments 
TYEe 
integer (A It B) 
bit string 
(Continued) 
Precision 
(SpllsP) 
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CSTRUC 
HALlS-Fe LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CSTRUC Size of Code Area: 12 Hw 
--------
o ____ O_--.;HW Data CSECT Size: Hw 
----,....---
Stack Requirement: 
~ Intrinsic o Procedure 
Other Library Modules Referenced: _N_o_n_e __ • __________________________________ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: -.5..S._T_Ri_U_C ______ _ 
Function: Compares two structures and returns result (~or ~) in condition 
code. 
Invoked by: 
Gil Compiler emitted code for HALlS construct of the form: 
If Sl = S2,THEN ••• , where Sl and S2 are structures. 
[J Other Library Modules: 
Execution Time (microseconds): 5.4 + 10.4n, n = # halfwords compared, 
Input Arguments: 
~ 
Structure 
structure 
Integer (count) 
output Results: 
~ 
equal/not equal 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
Cause 
How Passed 
R2 + 1st HW 
R3 + 1st HW 
R5 
How Passed 
condition code 
Fixup 
Units 
HW 
Units 
Comments: In order that the correct code is in the C.C. on exit, it is reset 
immediately before branching back to the calling program (BCRE does not set the 
C.C.). An exclusive OR of a register with itself sets to C.C. to '00' (=). An 
OR of a non-zero register (R4 is used because, as the return 
address register, it is always assumed to be non-zero) rese1:S to 
C.C. to '11' (~), 
Registers Unsafe Across Call; R2,R3 R4,R5,R6. 
Algorithm: The two structures are compared balfword-by-haflword until a 
pair does not match, or all of the ha1fwo:rds are compared and found to be 
equal. The condition code is set by the compare instruction. 
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CTOB 
HAL/S-FC LIBRARY ROUTINE DESCRIP'l'ION 
Source Member N~~e: Size of Code Area: 
____ .;;.3,.;;2 ___ lIw 
stack Requirement: _ ...... _1_8_~HW Data CSECT Size: __ ---2-.--- Hw ' 
o Intrinsic EJ Procedure 
othet· Library Modules Referenceq; GTBYTE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CTOB 
Function: Conversion from character string data to bit string. 
Invoked by: GU Compiler emitted code for HALlS construct of the form: 
BIT@ (C), where C is a character string. 
BIN 
[] Other Library Modules: 
NCHAR 
Execution Time (microseconds): 25.8 + E (27.8 + KAk + KB + KC) 
where: (Continued on bottom k=l 
_ . of this page) 
Input Arguments: 
~ Precision 
Character 
output Results: 
~ 
Bit 
Errors Detected: 
precision 
length=3l implicitly 
Cause 
How Passed 
R2 -+ descriptor 
How Passed 
R5 
Fixup 
units 
-
Units 
Error # 
29 Input string not in standard format. Return zero bit 
string. 
Comments: 
lJ.gorithm: 
If the input string includes more than 32 digits, then high-
order bits will be lost. Null string input causes an error. 
Registers Unsafe Across Call: R5,FO,FL 
Characters are examined one by one. Blanks are ignored. 
When a 'I' is encountered, a 'I' bit is shifted into the low-order bit 
of the result ~egister. When a '0' is encountered, a '0' bit is shifted 
into the low-order bit of the result register, 
o 
Execution Time (Continued): NCHAR = length(C) KC = 4.4 if C$(K)=blank 
o otherwise. 
~ 1.2 if X is odd 
o if X is eVen 
6.0 if C$(K)='l' 
o other~:ise 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CTOE Size of Code Area: 287 Hw 
Stack Requirement: 30 H _____ ---= w Data CSECT Size: _____ 2 ___________ HW 
o Intrinsic ([I Procedure 
Other Library Modules Referenced: GTmzTE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: C'l'OE 
Function: Performs internal character to single precision scalar 
conversion. 
Invoked by: Uil Compiler emitted code for HALlS construct of the form; 
SCALAR«character string>). 
[] Other Library Modules: 
CSHAPQ 
Execution Time (microseconds): See end of algorithm description. 
Input Arguments: 
~ 
character 
output Results: 
~ 
Scalar 
Errors Detected: 
Error # 
20 
Comments: 
Precision 
Precision 
SP 
Cause 
How Passed 
R2 + descriptor 
How Passed 
FO 
Input s~:;:l::ing not in standard format. 
Fixup 
Return 0.0 
Registers Unsafe Across Call; FO,FI,F2,F3,F4,F5. 
Units 
Units 
Algorithm: First, leading and trailing blanks are stripped from the input 
string, and an error is signalled if the Strlll8 has length = 0 or consists 
entirely of blanks. Next, a scalar is constructsd from the digits of the 
input string to the left of the exponent. The construction proceeds as 
follows: 
First, we set So = 0, Now, at the both step,k 2:. 1, we let Sk = 10*Sk_l + dk, 
where dk is the k-th digit in the string. All calculat10ns are double 
scalar. When Skbecomes ~ X' 4E19999A', all' fUrther digits are inSignificant 
and are scanned for validity but otherwise ignored. 
(Continued on next page) 
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Algorithm (con't) 
REPRODUCIBILlT'l OF TIlE 
01tlGlNAL PAOli} 18 POOR 
CTOE 
':rhis yields a scalar which may be incorrect by a power-of-lO 
multip;Le, but otherwise represents the decimal number of the left 
of the exponent. As for the power of 10, if a decimal point is 
encoun'tered while scanning the input string, a count is kept of 
how many digits there are to the right of the decimal point in the 
input string. The negative of this count is stored in temporary 
location COUNTE for later use. 
Next, the type of exponent (if any) is detennined, and the 
value is calculated with a simple fixed-point calculation 
(ab = lOa + b) and added to COUNTH, COUNTB, or COUNTE accordingly 
as tRe type of exponent is hexadecimal, binary, or decimal. continue 
this process as long as there are remaining exponents. 
If the end of the string is reached with no invalid characters 
found, then the scalar is modified according to the exponents already 
computed. First, the power-of-2 exponents are combined as 4H + S, 
since 
l6H . 2B = 24H + B. 
The high part of this (power of 16) is added to the exponent 
of the scalar, while the low 2 bits control a loop in which the 
scalar is doubled 0-3 times. 
Next, the decimal exponent, which has been combined with 
the correction for the decimal point in the input, is used as 
a power of 10 in the standard way of taking integral powers. The 
scalar intermediate is multiplied or divided by this result according 
to the sign of the exponent, completing the conversion. 
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Timing: 
88.4 + 11.0 • (floor (# leading b1anks/2» 
+ 12.0 (if # leading blanks odd) 
+ 10.2 (it trailing blanks) 
+ 2.0 (if + sign) 
+ 7.0 (if - ~ign) 
+ 59.6 (# significant digits where Sk < X'4E19999A') 
+ 17.6 (# significant digits) 
+ 47.2 (if at least 1 significant digit.) 
+ 62.4 (# significant digit.s where Sk > X '4E19999A' ) 
+ 20.6 (if decimal point) 
+ 9.6 (if no exponents of any kind) 
+ 40.2 (if any exponents) 
+ 9.6' (# E type exponents) 
+ 15.2· (# H type exponents) 
+ 18.2· (# B type exponents) 
+ 9.8' (# exponents) 
+ 37.8· (# additional exponents) 
+ 0.2· (# exponents with '+' sign) 
+ 7.8' (# exponents with '-' sign) 
+ 24.6' (total number of exponent digits) 
+ 22.8 (if any B or H exponent) 
+ 7.6 (total B exponent mod 4) 
+ 14.0 (if p=O) 
+(17.8 + 27.8 div(lpl, 23» (if p positive) 
+(18.8 + 28.8 dive p , 23» (if p negative) 
+ 23.2' «# significant zeroes in the binary representation 
of Ipl mod 23) - 1 (if Ipl mod 23 is even) 
+ 36.2' «# significant ones in the binary representation 
of Ipl mod 23) - l(if Ipl mod 23 is odd) 
+ 14.2 (if Ipl mod 2.3 i' 0) 
+ 28.0 
+ 1.6 (if p < 0) 
+ 14.4' «# of even indexed characters after leading blanks(+l) 
+ 15.6' «# odd indexed characters after leading blanks)+l) 
CTOE 
(if p i' 0) 
where p = total of E type exponents - (# significant digits after decimal point). 
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Secondary Entry Name: CTOD 
~unction: Performs internal character to double precision scalar 
conversion. 
InvoJted py: 
IE) Compiler emitted code for HAL/Sconstruct of the form: 
SCALAR@DOUBLE«character string». 
EJ Other library modules: CSHAPQ 
Execution Time (microseconds): Time is computed by CTOE formula - 1.B. 
Input Arguments: 
~ 
character 
output Results: 
!r.e!t 
Scalar 
. Errors Detected: 
Error # 
20 
Precision 
Precision 
DP 
Cause 
How Passed 
R2 + descriptor 
How Passed 
FO, Fl 
Input string not in standard format. 
Fixup 
Return 0.0 
Comme~nts : 
Registers Unsafe Across Call; FO,Fl,F2,F3,F4,F5. 
Algorithm: Same routine as CTOE; all conversions result in a double 
precision value of which the portion in Fl is discarded'when 
single precision is desired by the caller of this routine, 
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HALlS-Fe LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CTOI Size of code Area: ____ ~1_0~4________ Hw 
Stack Requirement: 20 _____ -:Hw Data CSECT Size: _________ 2 ______ ~ Hw 
o Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CTOI 
[) Procedure 
GTBYTE 
Function: Converts a character string to a double precision integer. 
Invoked by: Cd compiler emitted code for HALlS construct of the form: 
INTEGER@ «character string» or BIT@DEC«character string» DOUBLE 
GJ Other Library Modules: CSHAPQ 
Execution Time (microseconds): (See next page) . 
Input Arguments: 
~ Precision How Passed 
Character R2 -+ descriptor 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
22 
comments: 
Precision 
DP 
cause 
---
How Passed 
R5 
Input string not in standard format. 
Registers Unsafe Across Call: R5,FO,Fl. 
Fixup 
Return 0 
Units 
Units 
Algorithm: First, leading blanks are stripped from the input string. If a 
minus sign is encountered, a flag is set. The basic conversion proceeds 
as follows: Initialize iO to O. At step k, k':::' 1, let ik = iO.lk-l + dk. 
where dk is the k~th digit in the input string, At the end, this fixed-
point calculation gives a fullword integer. This sign is tacked on, and 
the result is shifted left 16 bits if a halfword answer is required. 
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CTOI 
Exeuction Time (microseconds): 
k + 11.0· (floor (# leading blanks/2» 
+ 1~.6 (if # leading blanks odd) 
+ 9.4 (if ,_, sign) 
+ 10.6 (if first character is a number) 
CTOI 
+ 
+ 
+ 
15.6. (# even index characters after leading blanks) 
14.4. (# odd index character,s after leading blanks) 
13.0 (if # trailing blanks> 0) 
+ 8.4· (# trailing blanks) , 
+ 28.2-«# non blank characters) -1) 
where k ;:: 72.6 
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CTOI 
secondary Entry Name: CTOH 
Function: converts a character string to a single precision integer. 
Invoked by: 
Compiler emitted code for HALlS construct of the form: 
INTEGER@ «character string», 
SINGLE 
Ii] other library modules: CSHAPQ 
Execution Time (microseconds): Same as for CTOI, except k = 74.4. 
Input Arguments: 
~ 
Character 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
Precision 
Precision 
SP 
Cause 
How Passed 
R2 + descriptor 
How Passed 
R5 
22 Input string not in standard format. 
Fixup 
Return 0 
conunents: 
Registers Unsafe Across Call: R5,FO,Fl. 
Algorithm: 
See CTOI. 
units 
units 
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CTCI 
Secondary Entry Name: -..;;C::.-:T:.:;O~K~ ___ _ 
Function: Converts a character string to a 32-bit string for use with 
the @DEC of the BIT conversion function. 
Invoked by: 
Oil Compiler emitted code for HALlS construct of the form: 
BIT@DEC«bharacter string». 
o other library modules; 
Execution Time (microseconds): (See below). 
Input Arguments: 
Precision How Passed ~ 
character R2 -+- descriptor 
output Results: 
~ 
bit string 
Errors Detected: 
Error # 
22 
Precision 
32-bits 
Cause 
How Passed 
R5 
Input string notin standard format. 
Comments: Registers Unsafe Across Call: R5,FO,F1. 
Algorithm: See CTOI-. 
Fixup 
Return 0 
Units 
units 
Execution Time: 85.8 + 11. O' (floor' (#- leading blanks/2» 
+ 18.6 (if #- leading blanks odd) 
+ 15.6' (# even index characters after leading blanks) 
+ 14.4- (# odd index characters after leading blanks) 
+ 13.0 (if # trailing blanks> 0) 
+ 8.4' (# trailing blanks) 
+ 28.2' (# non blank characters - 1) 
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CTOX 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
CTOX 58 ~ource Member Name: Size of Code Area: 
--------
4 Stack Requirement: 18 _____ --...:Hw Data CSECT Size: ---------~---
o Intrinsic ~ Procedure 
Other Library Modules Referenced: GTBYTE 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CTOX 
Function: Conversion from character string to bit string, hexadecimal 
radix. 
Invoked by: 
mJ Compiler emitted code for HALlS construct of the form~ 
BIT@HEX(C), where C is a character string. 
[] Other Library Modules: 
Execution Time (microseconds): (See next page) . 
Input Arguments: 
~ 
Character 
output Results: 
~ 
Bit 
Errors Detected; 
Error # 
32 
Precision How Passed 
R2 + descriptor 
Precision How Passed 
32 bits R5 
Cause 
---
String not in standard hexadecimal 
conversion format. 
Fixup 
Return 0 
Hw 
HW 
units 
Units 
Comments: Imbedded blar~s,or leading 'or trailing blanks, are all considered 
invalid characters. An input string too long to be accommodated in 32 bits 
will cause high order bi'ts to be lost. Registers Unsafe AcroSs Call: RS ,FO ,Fl. 
Algorithm: Characters are fetched one by one. In the CTOX entry, 
characters 'A' - 'F' are converted to their bit e.quivalen'ts, characters 
'0' - '9' are passed on to the common section, and at! error is signalled 
if the inpu't character lies between X'39' and X'41' (DEU characters '9' and 
'A' respectively). In ~he~TOO entry, an error is sent if the character is 
greater than X'37' (DEU character '7'). Other char,acters are passed to 
the common sechon for translation. 
In the common section, decimal digits 0-9 (0-7 for octal)are translated 
to their bit equivalents, and an error is sent if the character precedes lot in 
the collating sequence. These bit equivalents, and the ones passed from the 
CTOX section, are shifted into the low-order 4 bits (3 for octal) of the 
result register. 
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Execution Time (microseconds): 
NCHAR 
32.0 + L 
k=l 
where: 
(33.6 + KAk + KBk ) 
NCHAR = length(C) 
KAx = 0 if ,C$(X) is alphabetic 
6.8 if C$ (X) is numeric 
= 1.2 if X is odd 
o if X is even 
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CTOO Secondary Entry Name: 
Function: Conversion from character string to bit string, octal radix. 
Invoked by: 
rnJ Compiler emitted code for HALlS construct of the form: 
BIT@OCT(C}, where C is a character string. 
o Other library modules: . 
Execution Time (microseconds): 33.4 + 
NCHAR 
L: 
k=l 
NCHAR = length (C) , 
Input Arguments: 
~ 
Character 
output Results: 
~ 
Bit 
Precision 
Precision 
32-bits 
Cause 
(34.2 + KAk ), where 
KAx = 1.2 if X is odd 
o otherwise 
How Passed 
R2 + aescr~ptor' 
How Passed 
R5 
Errors Detected: 
~rror # 
31 string net. in standard octal conver.,... 
sian format, 
Fixup 
Return 0 
Comments: 
Registers Unsafe Across Call: R5,FO,Fl. 
Algorithm: See CTOX. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: OSLO Size of Code Area: 22 Hw 
--=-----
18 Data CSECT Size: 2 Stack Requirement: Hw 
--------' 
o Intrinsic g procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DSLD 
Function: Loads specified bits of a double precision scalar. 
:Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
SUBBIT(SCALAR_VAR@DOUBLE)i SUBBITFIRST TO LAST(SCALAR~yAR@ DOUBLE); 
[J Other Library Modules: 
Execution Time (microseconds): 36.5 
:Input Arguments: 
~ Precision 
Scalar DP 
Integer (first bit) SP 
Integer(last bit) SP 
output Results: 
~ 
Bit string 
Errors Detected: 
Precision 
length 32 
Cause 
How Passed 
R2 -+ Scalar 
R5 
R6 
How Passed 
R5 
units 
units 
Fixup Error # 
30 Subbit partition out of range. 1) If first bi,t < 1, set to 1 
2) 1f last bit> 64,. set to 64 
comments: 
Registers Unsafe Across Call: R5. 
Algorithm: Get the double word operand in register pair R2~R3. If first 
bit -1 < 0, ~hen given ERROR 30 and set to 0, Use first bit 1 as left 
shift count to eliminate unwanted high order bits. Compute 64 - last bit 
+ first bit -1, and give ERROR 30 and ~et to 0 if it is < O. Use this 
as right shift count to justify bit string in R3. Return contents of R3. 
REPRODUCIBILITY OF rrHIC 
OR'tG"!1>.N' AI p,\~p • , .~ ~ l~ ~ ~~.Y~.J 
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DSST 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
DSST Size of Code ~ea: 54 Hw 
----=;..;..----Source Member Name: 
18 Hw Data CSECT Size: 2 Stack Requirement: 
-----.....; --------
o Intrinsic f[) Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: DSST 
Function: Stores a bit string into selected bits of a double word 
scalar. 
Invoked by: Uil Compiler emitted code fox HALlS construct of the form: 
SUBBIT T B(DOUBLE SCALAR} = BIT STRING A 0 -
[] Other Library Modules: 
Execution Time (microseconds): 64.6 
Input ~guments: 
~ 
Integer (A) 
Integer (B) 
Bit string 
Output Results: 
~. 
Scalar 
Errors Detected: 
Precision 
SP 
SP 
Precision 
DP 
How Passed 
R5 
R6 
R7 
How Passed 
R2 + scalar 
Fixup 
Hw 
Units 
Units 
Error # 
30 
Cause 
Subbit partition illegal. I} If first bit < 1, set to 1 
2) If last bit> 64, set to 64 
Comments: 
Registers Unsafe Across Call: None. 
Algorithm: Check first bit. If < 1,' send error 30 and set to 1. Save the 
last bit, and get the partition width as last bit - first bit + 1. create 
a mask of width = partition width as 2width - 1. If last bit ~ 64, shift 
left by 64 - last bit, If last bit> 64, send error 30 and set last bit 
to 64 by shifting right by last bit ~ 64. Then invert the (doubleword) 
mask.. Mask out the selected bits of the operand in storage. Then, shift 
the input bit string to the right position (left 64 ~ last bit, or 
right last bit - 64), and OR to the operand in storage, completing the 
operation. 
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ETOC 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ETOC Size of Code Arep: 278 
------
64 20 H _____ -..-.; w Data CSECT Size: 
----------------
Stack Requirement: 
o Intrinsic ~ Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: . ___ E_T_OC _____ _ 
Function: Converts a single precision scalar to standard internal 
character-string format for a scalar. 
Invoked by: GJ Compiler emitted code for HAL/S construct of the form: 
CHARACTER (SCALAR _VAR) 
[J Other Library Modules: 
Execution Time (microseconds): 336.9 
Input Arguments: 
~ Precision How Passed 
Scalar SP FO 
output Results: 
~ Precision How Passed 
Character string length~14 R2 -+- descriptor 
Errors Detected: 
Error #- ~ FixuE 
Comments: maxlength of output string is ignored. 
Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Clear Fl to convert to double precision. Determine the 
Hw 
Hw 
Units 
units 
sign aI).d get the absolute value of the input. If input = 0, output 
string is '~O.O' padded with blanks to length 14 (length 23 for DTOC) . 
The next operation reduces the exponent of the scalar to x'41' 
keeping track of the change in exponent that this requires. Since 
10910x = (1091016) (10916x), this is done. by getting (exponent - 65)*1og1016 
and using this as an exponent of 10, dividing the scalar by the result •. It 
is possible for this to be off by 1, so another pass is made before continuing. 
At this point, the number is between 1· and 16. If it is greater .than ~. 
or equal to 10, multiply by 1/10 and record the exponent as one greater. 
(Continued on next page) 
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Algorithm (CQn't) 
This causes the first decimal digit of the number to be 
the first hexadecimal digit of the scalar, in bits 8-11 of FO. 
This is stored, together with a blank if the value is > 0, or 
a ,_, if the value < O. The remaining mantissa is in fractional 
form in FO~Fl. This hexadecimal fraction is converted to decimal 
digit-by-di~it by suggessive mUltiplication by 10, One digit is 
generated and stored with the decimal point, then 6 digits are 
st.:>red in the next three halfwords. 
The sign of the exponent (as calculated above) is tested, 
and either 'E+' or 'E-' is stored in the next halfword. Two 
decimal digits of exponent are stored in the last halfword. 
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Secondary Entry Name~ DTOC 
Function: Converts a double precision scalar to standard internal 
character-string format for scalar. 
Invoked by: 
bU Compiler emitted code for HALlS construct of the form: 
CHARACTER (DOUBLE_SCALAR) 
o Other library modules: 
Execution Time (microseconds): 602.5 
Input Arguments: 
~ Precision 
----
Scalar DP 
output Results: 
~ 
How Passed 
FO-Fl 
How Passed 
Character string 
Precision 
length=23 R2 + descriptor 
Errors Detected: 
Error # Fixup 
Conunents: Registers Unsafe Across Call: FO,Fl,F2,F3,F4,F5. 
Algorithm: Similar to ETOC, except of course tnat Fl is not zeroed. 
Also, rather than 6 digits being stored in the loop, 14 are computed 
and stored. The exponent section also looks different, as one more 
digit is stored with the exponent, changing its alignment, thus storing 
successively '<digit>E', '±<digit>', '<digit><garbage>t in the last 
3 halfwords. 
~, ;~ 
...... ~ 
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ETOH 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
ETOH Size of Code Area: 14 Hw -----=.;~--Source Member Name: 
Stack Requirement: ° Hw Data CSECT Size: ________ 0__________ Hw 
~ Intrinsic Sector ° o procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ETOH 
Function: Converts single precision scalar value to single precision 
integer. 
Invoked by: I1il Compiler emitted code for HALlS construct of the form: 
I = S; where I is a single ?recision integer, and 
S is a single precision scalar. 
~ Other Library Modules: QSHAPQ 
Execution Time (microseconds): 
Input Arguments: 
~ ~ 
Scalar 
output Results: 
~ 
Integer 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
Precision 
SP 
15.4 
Cause 
How Passed 
FO 
How Passed 
R5 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Fixup 
Algorithm: The six most significant hex digits of the scalar argument 
are converted to a fullword integer value, The 4 most significant 
hex digits of the integer value are left in'the top halfword of thC:1 
fixed point register after rounding the fraction. 
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Secondary Entry Name: DTOH 
Function: Converts a double precision scalar value to a single 
precision integer. 
Invoked by: 
GU Compiler emitted code for HALls construct of the form: 
I = D; where I is a single precision integer, and 
D is a double precision scalar~ 
o Other library modules: 
Execution Time (microseconds): 17.4 
Input ArgQ~ents: 
~ Precision 
Scalar ,DP 
output Results: 
~ Precision 
Integer SP 
Erx'ors Detected: 
Error # Cause, 
How Passed 
PO 
How Passed 
R5 
Comments: 
Registers Unsafe Across Call: 'R4',R5,FO,Fl. 
Algorithm: See ETOH. 
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GTBYTE 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
GTBYTE Size of Code Area: 14 Hw 
__
 ..::..0: _____ _ 
Source Member Name: 
o 
___
__ O_....:HW Stack Requirement: Data CSECT Size: 
Hw 
------------
-----
~ Intrinsic [] Procedure 
Other Library Modules Referenced: _N_o __ n_e_. ________________________________
_ _ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: GTBYTE 
Function: Fetches one character from a character string. Used for chara
cter 
manipulation by other library routines. 
Invoked by: 
[] Compiler emitted code for HALlS construct of the form: 
[J Other Library Modules: CPAS, CTOE, CLJSTV, CINDEX, CRJSTV, CTOB, 
CTOI, CTOX, CTRIMV. 
Execution Time (microseconds): 14.4 to obtain lower byte 15.6 to obtain upper byte 
Input Arguments: 
~ Precision 
pointer 
flag (which byte to fetch) 
output Results: 
~ Precision 
single character 
Errors Detected: 
Error # 
How Passed 
R2 +lHW in front of HW to fetch 
lower half of R2 1 aD-upper byte lX I 8000'-lower byte 
How Passed 
R5 - upper halfword 
Cause Fixup 
REPROD UCIBll~r~r,Oi-~~ '" 'p ORIGINAL PAGltI Iv .:u<.hu 
Comments: 
Registers Unsafe Across Call: R2,R4,R5,FO,Fl. 
units 
:fr'OiT\ 
Units 
Algorithm: The halfword off of the pointer is loaded into a register fo
r 
manipulation. If the flag indicates the upper byte is requested, the re
gister 
is shifted right 8 bits and the lower half of the register is cleared to
 leave 
only the desired byte in the upper halfword of the register. If the flag
 
indicates the lower byte is requested, then the first byte of the regist
er 
is cleared. The flag is reset to indicate the upper byte if the lower b
yte 
was requested and vice versa, and the pointer is 1,lpdated if the fetched 
byte was even. This is done now since GTBYTE is usually called a number
 of 
times from a loop. 
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ITOC 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name; ITOC S~ze of Code Area: 104 Hw 
----=..:...---
Stack Requirement: __ 2_8 ___ ....;Hw Data CSECT Size: o Hw 
----------------
o Intrinsic (iJ Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ -=I~T~O~C~ ____________ __ 
Function: Converts a fullword integer into standard internal character 
string format for integers, 
Invoked by: [J Compiler emitted code for HALls construct of the form; 
CHARACTER (FULLWORD_INTEGER) 
[] Other Library Modules: 
Execution Time (microseconds): 254.6 
Input Arguments: 
~ Precision How Passed 
R5 
, units 
Integer DP 
output Results: 
~ Precision How Passed Units 
Character string R2 + descriptor 
Errors Det~cted: 
Error #- Cause Fixup 
Comments: No leading zeros or leading or trai1ing blanks, Maxlength 
of output area ignored. Registers Unsafe Across Call: None. 
Algorithm: 
Then: 
Digits are generated one by one, Thus~ Let I.~ input integer. 
dk ::: Ik - 10 (Y10) integer multiply and divide. 
I k+l ~ (Ik - dk)/IO. 
The process terminates when Ik ::: O. As pairs of digits are generated, 
they are stored, right to left, in a temporary output area, The temporary 
result is then given a sign if necessary and moved to the output area, 
If an odd number of characters were generated, the mov.e is with 8 hits 
offset for left alighment. 
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Secondary Entry Narne: HToe 
Function: Converts a halfword integer into standard internal character-
string format for integers. 
Invoked by: 
[a Compiler emitted code for HALlS construct of the form: 
CHARACTER (HALFWORD_INTEGER) 
o Other library modules: 
Execution Time (microseconds): 189.6 
Input Argwnen ts : 
~ 
Integer 
output Results: 
~ 
Character string 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
Cause 
How Passed 
1\5 
How Passed 
R2 -+ descriptor 
Fixup 
Comments: No leading zeroes or leading or trailing blanks I Maxlength 
of output area ignored. 
Registers Unsafe Across Call: 'None. 
Algori thrn:, 
Shift right algebraic 16 to' !oonvert single integer to double. 
Then proceed as in ITOC. 
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ITOD 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ITOD Size of Code Area: 20 
--------
o Hw Data CSECT Size: o stack Requirement: 
-------.; --------
Gil Intrinsic Sector 0 o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: ITOD 
Function: Converts a double precision integer to a double precision 
qcalar. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
D = I; where D is a double precision scalar, and 
I is a double precision integer. 
GI Other Library Modules: QSHAPQ 
Execution Time (microseconds): 15.6 
Input Arguments: 
~ 
Integer. 
output Results: 
~ 
Scalar 
Errors Detec,ted: 
Error # 
Comments: 
Precision 
DP 
Precision 
DP 
Cause 
How Passed 
R5 
How Passed 
FO 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Fixup 
Algorithm: The first register of the result register pair is set to 
plus or minus 0, depending on the sign of the argument. The absolL~e 
value of the argument is loaded into the secbnd register of the pair, 
Hw 
Hw 
Units 
Un its_ 
and the result is normalized to a dOUble precision scalar by adding D'Ot, 
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ITOE 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: ITOE Size of Code Area: 6 Hw 
--------
sta.ck Requirement: o Hw Data CSECT Siz'e: o Hw ---.-~-----=---~ 
EJ Intrinsic Sector 0 o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCR1PTIONS 
Primal."y Entry Name: ITOE 
Function: Converts a double precision integer to a single precision 
scalar. 
Invoked by: IRJ Compiler 
S = I; 
emitted code for HALlS construct of the form; 
where S is a single precision 
I is a double precision 
[] Other Library Modules: QSHAPQ 
Execution Time (microseconds): 12.0 
Input Arguments: 
~ Precision 
Integer DP 
Output Results: 
~ Precision 
Scalar SP 
Errors Detected: 
Error # Cause 
Comments: 
scalar, and 
integer. 
How Passed 
R5 
How Passed 
FO 
Registers Unsafe Across Call: R4,R5,FO,Fl. 
Units 
Units 
Algorithm: The integer argument is converted to floating point by the CVFL 
instruc·tion and the binary point is adjusted by mUltiplication by. a 
scale.' factor. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: KTOC 
Stack Requirement: ___ O. ____ HW 
[] Intrinsic 
Other Library Modules Referenced: 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: KTOC 
Size of Code Area: 70 
Data CSECT Size: 
o Procedure 
None. 
° --------------
Hw 
Function: Performs bit-string to character conversion with decimal radix. 
Invoked by: Q Compiler emitted code for HALlS construct of the form: 
CHARACTER@DEC(BIT_STRING) 
[Jother Library Modules: 
Execution Time (microseconds): 262.5 (for 16 bits) 
Input Arguments: 
~ 
Bit string 
integer(length of 
bit stringl) 
output Results: 
~ 
Precision 
SF 
Precision 
How Passed 
R5 
R6 
How Passed 
character string R2 -+ descriptor 
Errors Detected: 
Error # Cause Fixup 
units 
units 
comments: Maxlength of output area ignored. No leading or trailing blanks. 
"s;.gn bit" of input string ignored • 
. Registers Unsafe Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl. 
A1g9r~thm: The length of the character string is computed as: 
1 + (109102) (bit length) 
A ha1fword count is computed from this as: 
truncated to an integer 
halfword count = (1 + character countJ/2 
Decimal digits are generated one at a time, from right to left, 
thus; Let I O = input string as unsigned integer, 
d k = Ik - 10(~/lO) 
I k+l = (Ik - dk)/10 
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Algorithm (Con't) 
The process terminates when the halfword count is reached, 
with two digits stored per halfword. At the end, if an odd number 
of characters have been stored, the string must be shifted one 
character to the left for proper alignment. 
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MSTRUC 
HALlS-Fe LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MSTP.l1C Size of Code Area: 8 Hw 
-------
Stack Requirement: ° Hw Data CSEC'l' Size: _____ 0 ___ Hw 
Ii) Intrinsic o Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MSTRUC 
Function: Moves a structure. 
Invoked by: Uil Compiler emitted code for HALlS construct of the form: 
Sl = 82, Sl and 82 are structures. 
[] Other Library Modules: 
Execution Time (microseconds): 4.2 + 9.4n, n = # halfwords moved. 
Input Arguments: 
~ 
Structure (S2) 
Integer (#HW) 
OUtput Results: 
~ 
Structure (81) 
Errors Detected: 
Error # 
Commen~~: 
Precision 
SP 
Precision 
Cause 
How Passed 
R2 + first HW 
RS 
How Passed 
Rl + first HW 
Registers Unsafe Across Call: Rl,R2,R4,RS,R6. 
Fixup 
Units 
HW 
Units 
Algorithm: The structure is moved halfword-by-halfword in a load, store 
sequence for the number of halfwords specified in RS. 
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QSHAPQ 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: QSHAPQ Size of Code Area: -----2,~4~ _______ Hw 
Stack Requirement: 18 Data CSECT Size: o Hw ---...-:~---
o Intrinsic lID Procedure 
ETOH(D.TOH), ROUND (DTOI) " ITOE, ITOD Other Library Modules Referenced: 
ENTRY POINT DESCPJPTIONS 
Primary Entry Name: QSHAPQ 
Function: Shapes data of a given type and precision to data of an 
explicit type and precision. 
Invoked by: Oil Compiler emitted code for HAL/S construct of the form: 
Used by the INTEGER, SCALAR, 1-1ATRIX, and VECTOR shaping functions. 
[J Other Library Modules: 
Execution Time (microseconds): 42.6 + 3l.8n, n # times transferred. 
Input Arguments: 
~ Integer7scalar 
Integer (flag) 
Integer (count) 
output Results: 
~ 
Integer/Scalar 
Errors Detected: 
Precision 
SP/DP 
DP 
SP 
Precision 
SP/DP 
How Passed 
R2 -+ 1st HW 
R6: upper half for input data, 
lower half for output, 
R5: number of times to transfer 
Cause 
How Passed 
Rl -+ 1 st HW 
Fixuf' 
Units 
Error # 
15 Scalar too large for integer conver-
sion. 
Set to maximum 
representable 
value. 
Comments: QSHAPQ is called only if more than one item of the same data 
type must be shaped. If only one item must undergo conversion, the 
, .. ' 
conversion functions (DTOI, ETOI, ITOD, HTOE,etc.) are used. (Cont'd. on next page)." 
Algorithm: The flags for the input and output data are examined. The 
appropriate 'LOAD' routine is executed to load one item to be shaped, 
The appropriate 'STORE', or in some cases, 'CONVERT AND STORE' routine 
stores the shaped data item in the area pointed to by the destination 
pointer. The source pointer is updated after each load; the destination 
pointed is updated after each store. Data is shaped and transferred item-
by-item. 
'rhc values of the flags (R6 upper and lower) are: 0 - HW integer 
I - FW integer 
2 - FW scalar 
3 - DW scalar 
5-325 
INTERMETRICS INCORPORATED· 701 CONCORD A"ENUE • CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
. -
• _ .~_~,.:., • .;. ___ ;" ~:;i";"":;',~.~:"";'. ,.~~';';"'li.. ;~n_~. ~' ..... ; ... ~;,~;;....:..::.o:"_~ ... "",:",,;ri..~,:,-~,;:,>,,c;;.,,_ ,~.,,"' • .;;..~ .• ____ ~, ·_x -" - - ~ " •. -"-~-.,,~."- -.• - .-."" '" •. - .• -
- . -
... "--~-~<¥,- .... ~,."~~ ,.~. 
, J , 
~ t , 1 ] 
1 
i 
1 
" 
, 
~ 
.~ 
1 
I 
__ ~:.i-
'! ( 
I 
) 
:, 
QSHAPQ 
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Comments: (Continued) 
Registers Unsafe Across Call: FO,Fl. 
· ' 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: RANDOM Size of Code Area: ________ ~4~6 ____ HW 
Stack Requirement: 18 H ______ ---: w Data CSECT Size: _______ 2 _______ Hw 
o Intrinsic El Pl:'ocedure 
Other Library Modules Referenced; None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: RANDOM 
Function: Generates random nwnber with uniform distribution in 
range (0.0,1.0). 
Invoked by: Ga Compiler emitted code for HALlS construct of the form: 
.•. RANDOM •.. 
[J Other Library Modules: 
Execution Time (microseconds): 54.4 
Input Arguments: 
~ Precision How Passed 
None 
output Results: 
~ Precision How Passed 
Scalar DP FO/FI 
Errors Detected: 
Error if Cause Fixup 
Units 
Units 
Comments: The original SEEP(F'1435') is declared as a data constant, 
To allow storage into this "constant" for updating SEED, the storage 
protection is turned off for SEED. Registers Unsafe Across Call: FO,FI,F2,F3. 
Algorithm: Multiply F'65539' by SEED. SEED originally;::: F'1435' ( but 
is updated on each pass through RANDOM. Use the least significant 32 
bits of this product (SEED x 65539) to form th-a !j!3W SEEP. If the rl:;!sult 
is > 0, then RESULT;::: new SEED. If RESULT < 0; then new SRED ,:= HESULT-NEGMAX, 
where NEGMAX = X' 80000000 f. The posi t;Lve ne\,l SEED 1.s .sav€d for future use, and 
is also converted to a floating point number for present co~puation of a 
random number. Multiply the floating point value by 2-31 to produce a 
random number in the range (O.Ot 1.0). 
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RANDOM 
Secondary Entry Name: RANDG 
Function: Generates random number from Gaussian distribution, mean 
zero, variance one. 
Invoked by: 
UU Compiler emitted code for HALlS construct of the form: 
... RANDOMG .•. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
None 
OUtput Results: 
~ 
Scalar 
Errors Detected: 
Error # 
Precision 
Precision 
DP 
575.8 
How Passed 
How Passed 
FO/Fl 
Cause Fixup 
Units 
Units 
Comments: Same as RANDOM. Registers Unsafe AcroSS Call: FO,Fl,F2,F3. 
12 
Algorithm: RANDG uses the formula Y = L 
i=l 
number generated by RANDOM. 
X. - 6.0 t where Xi is a random ~ 
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STBYTE 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: STBYTE Size of Code Area: 22 Hw ---~=-----
Stack Requirement: o Hw Data CSECT Size: ___ ....;0:.-...-.....-_- Hw 
I!I Intrinsic o Procedure 
Other Library Modules Referenced: ~N~o~n~e~. __________________________________ __ 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: STBYTE 
Function: Stores one character into a character string; Used for character 
manipulation by other library routines. 
Invoked by: [J Compiler emitted code for HALlS construct of the form: 
GJ Other Library Modules: 
,: 
CLJSTV, CPAS, CRJSTV, CTRIMV 
Execution Time (microseconds): 19.2 to store in upper byte. 
17.2 to store in lower byte. 
Input Argrunents: 
~ Precision How Passed 
Single character R5 
Units 
flag (which byte to store into) lower {OQ-upper byte HW of Rl :l{ '8GOO.' lower byte 
Output Results: 
~ Precision How Passed Units 
pointer Rl + HW to store into 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: Rl,R4,R5,FO,Fl. 
Algorithm: The flag is tested for an even or odd byte to store into. If 
odd (upper), the flag is set to indicate even (lower) for the probable loop 
that STBYTE is in. Then, the byte is inserted into the upper byte of the 
appropriate halfword. If the flag indicates an even byte to store into, 
then the byte is inserted into the lower byte of the appropriate halfword. 
The flag is set to 0 to indicate that the next ttme around in the loop, 
the byte will be odd. The pointer is updated to the next halfword. 
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XTOC 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: XTOC Size of Code Area: 68 
Data CSECT Size: 
° 
Sta,ck Requirement: ____ O__ HW 
----------------
(] Intrinsic o Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: __ X_T_OC ________ _ 
Function: Converts bit string to s string of hexadecimal characters. 
Invoked by: Gd Compiler emitted code for HALlS construct of the form; 
CHARACTER@HEX(BIT_STRING) 
[J Other Library Modules: 
Execution Time (microseconds): 35.9 + 32.2 . (# of digi'ts 0-9) + 
33.9 • (# of letters A-F~, where 
,; 
8·«# of digits)+(# of letters»~ # bits. 
Input Arguments: 
~ bit str~ng 
Integer(length of 
bit string) 
output Results: 
~ 
character string 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
Cause 
How Passed 
R5 
R6 
How Passed 
R2 + descriptor 
Fixup 
Comments: Output string length depends on input string length. The 
maxlength of the output area is ignored. 
Registers Unsafe Across Call; RI,R2,R3,R4,RS,R6,R7,FO,Fl. 
Hw 
Hw 
units 
units 
Algorithm: A character count is determined as the integer part of (bit 
length + 3)/4. The bit string is positjoned in register pair R4-RS 
with the first hexadecimal digit in bits 12-15 of R4 thus: 
1) Clear R4i string right-justified in RS on input. 
2) Compute greatest multiple of 4 in 52 - bit length. 
3} Use result of 2) as a shift count to shift R4-R5 left double. 
Compute a halfword count for use as a loop counter: 
halfword count = (1 + character count)/2 
The character count is stored in the descriptor half word as the current 
length of the output string. Digits::, are generated by shifting left 4 
and stored two at a time in the outpu\ $tring, after converting DEU format 
by adding X' 30 I. to each digit. Ext t ""hen proper number of halfwords have 
been stored. 5-330 
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XTOC 
Secondary Entry Name: OTOC 
Function: Converts a bit string into a string of octal characters. 
Invoked by: 
GJ Compiler emitted code for HALlS construct of the form: 
CHARACTER@OCT(BIT_STRING} 
[] Other library modules: 
Execution Time (microseconds): 46.2 + 32.3 • (# of digits), where 
6 • (# of digits) = # bits + 2. 
Input Arguments: 
~ 
bit string _ 
Integer (length 0:[-' 
bit string) 
OUtput Results: 
~ 
character string 
Errors Det~cted: 
Error # 
Precision 
SP 
Precision 
Cause 
How Passed 
R5 
R6 
How Passed 
R2 -+ descriptor 
Fixup 
Comments: Output string length depends on input string length. The 
max1ength of the output area is ignored. ' 
Registers Unsafe ,Across Call: Rl,R2,R3,R4,R5,R6,R7,FO,Fl. 
Units 
Units 
Algorithm: First, a character count is determined as the integer part of 
(bit length + 2)/3. The bit string is positioned in register pair R4-R5 
with the first octal digit in bits 13-15 of R4 as follows: 1) Begin 
with R4 cle,ar and the string right-aligned in R5. 2) Compute the shift 
count as 51-3 (character count) and 3} shift R4-R5 left double by this amount. 
Complete a halfword count for use as a loop counter as: 
halfword count = (1 + character count)/2 
The character count is stored in the descriptor hal£word of the output 
string. Then, digits are generated' in a looPt two at a time, by shifting 
R4-RS left double 3 bits and adding X'30' to give the appropriate DEU 
character. As pairs of digits are assembled, they are stored into the 
output string, and exit is taken when the proper number of halfwords have 
been stored. 
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5.3.7 REMOTE Routine Descriptions 
This subsection describes those routines which perform 
operations on REMOTE data. REMOTE data is data which may reside 
in a sector of AP-lOl core which is neither sector 0 nor the 
current data sector indicated in the Program Status Word at 
the time the routine is called. In order to insure addressability 
of such data, these routines are passed, instead of pointers 
directly to their arguments, pointers to complete address 
constants, or "ZCONS", containing both the address of the argument 
and the number of the sector in which it resides. These 
complete address constants, together with a special AP-10l 
addressing mode, allow access to any area of AP-10l core without 
changing bits in the Program Status Word. 
REMOTE routines are invoked (rather than the normal 
versions of the same routines) when at least one of the arguments 
of the routine has the REMOTE attribute. Since this attribute 
only applies to aggregate data types (VECTOR, MATRIX, STRUCUTRE 
and CHARACTER types), only these four types of routines have 
REMOTE versions. 
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CASRPV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CASRPV Size of Code Area: 86 Hw --..;,.;~----
22 Data CSECT Size: Stack Requirement: ____ ~2~ ________ HW Hw 
-------.,; 
o Intrinsic [] Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary En try Name: CASRPV 
Function: Remote character assignment to temporary from partitioned input. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
•.. C2 I'TO J' .. where C2 is a REMOTE character variable and result 
is a temporary string. 
G]Other Library Modules: 
CPASRP 
Execution Time (microseconds): (See next page). 
Input Arguments: 
~ 
integer (I) 
integer (J) 
character (C2) 
output Results: 
~ 
character (temporary) 
Errors Detected: 
Precision 
SP 
SP 
Precision 
Error # Cause 
How Passed 
R5 
R6 
R4 + ZCON + descriptor 
How Passed 
R2 + ZCON + descriptor 
Fixup 
Units 
Units 
17 Specified partition outside current 
string range. 
Set bad partition pointers(s) 
to the limits of the current 
string. 
Algorithm: 
Last character indicator less than 
first character indicator and 
output string is not null 
Return null string. 
Set maxlength of result to 255. Test position of 1st character of partition. 
If < 1 then send error and set to 1. 
Compare position of last character of partition. If it is > than maxlength, 
reset to maxlength, and send error. 
(Continued on next page) 
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CASRPV 
CASRPV 
Execution Time (microseconds) : 
IfP 0 and length (C2) = 0: 76.8 
If P > 0 and I is odd: 89.0 + 15.8 ceiling (n/2) 
If P > 0 and I is even: 94.2 + 21.2 . ceiling (n/2) 
where p = J - I + 1 
n = minimum(p, 255) 
Algorithm (Con't) 
Compare first and last positions. If last < first, then if input string 
is null do not send error. If input string is not null, send error and 
set result to null string. Make sure partition length does not exceed 
the maxlength of the destination string. If it does, truncate it. Increment 
character count before dividing by 2 to round resulting halfword count to 
next highest halfword. If position of first character of partition is 
odd, then transfer halfword by halfword. Otherwise, it is necessary to 
line characters up into right halves of halfwords by shifting. 
Comments: 
Registers Unsafe Across Call: None. 
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Secondary Entry Name: 
FWlction: 
CASRPV 
CASRP 
.~I>' ""'"-.. --T'~ " '.,".' ''i"""tl\'a., 
REMOTE character assignment to declared data, partitioned input. 
, .. 
Invoked by: 
~ Compiler emitted code for HAL/S construct of the form: 
Cl = C2 I TO J; where Cl and/or C2 are REMOTE character data. 
o Other library modules: 
Execution Time (microseconds): 
Input Arguments: 
~ integer-nT-
integer (J) 
character{C2) 
output Results: 
~ 
Precision 
SP 
SF 
Precision 
(See next bel,'ow) . 
How Passed 
RS 
R6 
R4 + ZCON + descriptor 
How Passed 
R2 + ZCON -~ descriptor 
. 
" 
Units 
Units 
~ 
I :~ 
I j ] 
1 
t character{Cl) 
Errors Detected: 
Error # 
17 
Cause Fixup , I 
Same causes and fix-ups as CAS~V 
Conunents: 
Registers Unsafe Across Call: None. 
Algorithm: 
Same as CASRPV except maxleng,th of resultan't string is used as passed and 
not set to 255. 
Execution Time: 
if P 0 and length{C2) = 0: 69.4 
if p > 0 and I is odd: setup + 15.8 • (cei1ing(n/2» 
if p > 0 and I is even: setup + 5.2 + 21.2 • (cei1ing(n/2» 
where p J - I + 1 
setup 81.6 if P':::' max length (Cl) 
82.4 if P > max length (Cl) 
n minimum (Pr max length (Cl) ) 
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CASRV 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CASRV Size of Code Area: ......::3~6~ ____ Hw 
Stack Requirement: __ .-..;l""'S ____ Hw Data CSECT Size: o Hw, 
o Intrinsic Ii] Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CASRV 
Function: Remote character assignment to a temporary receiver. 
Invoked by: Q Compiler emitted code for HALlS construct of the form: 
C1 = C2 where C1 or C2 is a P~MOTE character string, 
C1 is a temporary. 
o Other Library Modules: 
Execution Time (microseconds):if n = 0: 59.6 
if n > 0: 60.S + 12.6 . (ceiling(n/2» 
Input Arguments: 
where n = 1ength(C2). 
~ Precision How Passed Units 
character (C2) R4 + ZCON + descriptor 
output Results: 
~ Precision How Passed Units 
character (temporary) R2 ->- ZCON ->- descriptor 
Errors Detected: 
Error # Cause 
Comments: 
Registers Unsafe Across Call: None. 
Algorithm: 
Sets maxlength of result to 255. If the current length of the input string> 
maxlength of result, set current length of result to maxlength. OtheJ.-wise, 
set current length of result to current length of input. Find if of halfwordS 
to move by shifting right 1 # of characters. Move halfword by halfword. 
If there is an odd # of characters, last byte moved is garbage. 
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CASRV 
secondary Entry Name: __ C_AS_R __ _ 
Function: Remote character assignment to a non-temporary receiver. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
Cl = C2, where Cl and/or C2 is a remote character string. 
o other library modules: 
Execution Time (microseconds): if n = 0: 52.6 
if n > 0: 51.8 + 12.6 . (ceiling(n/2)) + .8 (if length(C2» 
maxlength(Cl)), where n = minimum(length(C2), 
maxlength(CI)). 
Input Arguments: 
~ Precision How Passed units 
character string R4 + ZCON + descriptor 
output Results: 
~ Precision How Passed units 
character string R2 + ZCON + descriptor 
Er~ors Detected: 
Error # Cause Fixup 
Comments: 
Registers U~safe Across Call: None. 
Algorithm: 
Same as CASRV, but do not set maxlength of result to 255. 
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CPASR 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name; ....;;C.;;.P.;:.;A.;;.S.;;.R~ __ _ Size of Code Area: 132 
Hw 
----==----
Stack Requirement; ______ 2.4 ______ Hw Data CSECT Size: 
___
_ 2~ ____ Hw 
o Intrinsic 2(ID Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CPASR 
Function: Remote character assignment to a partitioned receiver. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
CII TO J = C2, where Cl o
r C2 is a remote character string. 
[il Othex: Library Hodules: 
CPASRP 
, 
Execution Time (microseconds): (See next page). 
Input Arguments: 
~ 
integer(I) 
integer(J) 
character (C2) 
Qutpu't Results: 
!.Y"'~~ 
character( CI) 
Erro:rs Detected: 
~~EQr # 
17 
Precision 
SP 
SP 
Precision 
Cause 
index of first character < I 
How Passed 
R5 
R6 
R4 + ZCON + descriptor 
How Passed 
R2 + ZCON + descriptor 
Fi~E 
Set to 1 
Units 
Units 
index of last character > max length of receJ.ver. 
index of last character < index of first 
character. 
Se't ,to max length. 
Comments: 
return receiver unchanged 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
If R5 < 1 then send error and set to 1 
If R6 > max length then send error and set to max length 
If R6 > curr len of receiver, then update currlen of receiver 
If R6 < R5 then send error and exit immediatelY. Otherwise ( move 
partition character by character. 
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CPASR 
Execution Time (microseconds): 
LHP 
77.9 + KA + KB + ~ (6.0 + KCLOUT+K) + KD k=1 
where: 
LOUT 
LIN 
KA 
LPART = 
KB 
LHP 
KCx 
KD = 
NCHAR 
+ L (8.4 + KEk + KCI +K_1 ) + KF k=1 
RHP 
+ L (6.0 + KCI+LIN+K-l) + KG 
k=1 
length(Cl) before assignment 
length(C2) 
o if J <= LOUT 
13.0 if J > LOUT 
J - I + 1 
15.8 if LPART > 0 and LIN <= LPART 
12.0 if LPART > 0 and LIN > LPART 
0 if LPART = 0 
I-LOUT-l if I > LOUT + 1 
o otherwise 
19.8 if X is odd 
20.2 if X is even 
3.2 if LHP = 0 and I is odd 
4.2 if LHP 0 and I is even 
1.0 if LHP > 0 and LOUT is odd 
0 if LHP > 0 and LOUT is even 
NCHAR = minimum(LPART,LIN) 
KF 
13.8 if X is odd 
14.4 if X is even 
-.8 if NCHAR > 0 
o if NCHAR = 0 
RHP = LPART-LIN if LPART > LIN 
o otherwise 
KG = 0 if RHP > 0 
.4 if RHP = 0 
CPASR 
Note: If any of LHP, NCHAR, RHP is zero, then that respective summation 
is also zero. 
5-339 
INTERMETRICS INCORPORATED· 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETIS 02138 • (617) 661~1840 
1 
1 , 
.. 
, . 
1/ J 
CPASRP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CPASRP Si~e of Code Area; _______ 1_6 ______ HW 
o Data CSECT Size: 
--------
Stack Requirement: __ .,..::.1.:,46;;..._...:Hw 
o Intrinsic iii Procedure 
Other Library Modules Referenced: CPASR, CASBPV 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: CPASRP 
Function: Remote character string assignment of partitioned input 
to partitioned output. 
Invoked by: [J Compiler emitted code for HALlS construct of the form; 
Cli TO' j = C2k to 1 CI, C2 character strings. 
o Other Lib:cary Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
characi:.er(C2) 
integer (k~ integer (1 
integer(i Ij) 
output Results: 
~ 
character (CI) 
Errors Detected: 
Precision 
Precision 
(See next page) . 
How Passed 
R4 + ZCON + descriptor 
R5 
R6 
..l""R7 
How Passed 
R2 + ZCON +.descriptor 
Error # Cause Fixu.!? 
Hw 
units 
units 
17 Subscript of ~haracter string out of 
bounds. 
Set out-of-bounds value to 
first or last character 
Comments: 
of associated string. 
Registers Unsafe Across Call: FO,E!. 
Algorithm: 
Saves pointer to result in work area, loads address of vac in Rl, and 
branohes to CASRPV. Returns, loads result add.ress in Rl, loads arg 3 
and arg 7 in R5 and R6 respectively and branches to CPASR, and returns .. 
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CPASRP 
Execution Time (microseconds): 
LijP 
132.3 + KA + KB + KC + E (6.0 + KDOUTLEN+K) + KE 
k=l 
where: 
INPART 
NCHAR 
+ L 
k=1 
RHP 
(8.4 + KFk + KD1+K- 1 ) + KG 
+ L (6.0 + KDI+INLEN+k-l) + KH 
k=l 
L-K+1 if L >= K 
o otherwise 
INLEN = minimum(INPART, 255) 
KA = 76.8 if INPART = 0 and length(C2) = 0 
OUTLEN 
KB = 
OUTPART = 
KC = 
LHP = 
KD X 
KE 
89.0 + 15.8(ceiling(INLEN(2» if inpart> 0 and K is odd 
94.2 + 21.2 (ceiling(INLEN(2» if inpart > 0 and K is even 
length(Cl) before assignment 
o if J <= OUTLEN 
13.0 if J > OUTLEN 
J - 1+1 if J >= I 
o otherwise 
15.8 if OUTPART > 0 and INLEN = OUTPART 
12.0 if OUTPART > 0 and INLEN OUTPART 
o if OUTPART = 0 
I 
- OUT LEN - 1if I > OUTLEN + 1 
o otherwise 
9.8 if X is odd 
20.2 if X is even 
3.2 if LHP 0 and I is odd 
4.2 if LHP = 0 and I is even 
1.0 if LHP > 0 and OUTLEN is odd 
0 if LHP > 0 and OElTLEN is even 
NCHAR = minimum(OUTPART,INLEN) 
KG 
= 13.8 if X is odd 
14.4 if X is even 
-.8 if NCHAR > 0 
o if NCHAR = 0 
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CPASRP 
Execution Time (Continued): 
RHP ~ OUTPART - INLEN if OUTPART > INLEN 
o otherwise 
KJJ:::: 0 ifRHP> 0 
.4 if RHP = 0 
CPASRP 
Note: If any of LHP, NCHAR, RHP is zero, then the respective 
summation is also zero. 
S-342 
INTERMETRICS INCORPORATED' 701 CONCORD AVENUE' CAMBRIDGE, MASSACHUSETTS 02138 • (617) 661-1840 
.',. I " 
• 
. , 
I 
,) ( 
I~ 
r' .-*" '1'111'6 "" .. ""'49""'L .... &_,,&"'_,*""6 ....... '''''Lt''''.'*I!''',.,....,L"''', . .".'''''.o ............. _ ... ".,-!S*" ..... ~'~~~-~...,.. . .. =~;,;~-~.~~~. 
: ! 
~!!lG;4."~~t"~~JPA!'!"'I,V';. ... -,,-. -
..,. 
,~ -" 
CSTR 
HAL/S~FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: CSTR 
-,-----
Size of Code Area: ____ 1_8________ Hw 
stack Requirement; ___ ..:1;.;8~.-,;Hw Data CSECT Size: o Hw 
--------
o Intrinsic lin Procedure 
Other Libr{lry Modules Referenced: None 
Et;TRY POINT DESQRIPTIONS 
primary Entry Name: CS'J.'R 
Function: Comparison of REMOTE structures. 
Invoked by: 
(] Compiler emi·ttecl code for HALlS construct of the form: 
IF Sl = 82,.. Where Sl, 52, or both is a REMOTE structure occupying n 
ha1fwords. 
[JOther Library Modules: 
I 
Execution Time (microseconds): 22.8 + 14,8n if structures compare/ where 
n = # of halfwords in structure, 19.6 + 14.8n if structures do not 
compare, where n = index of first non-matching ha1fwords in structures. 
Input Arguments: 
Type Precisioh 
structure(left comparand)Sl 
structure (right comparand)S2 -
integer (n) SP 
Output Results: 
~ Precision 
equal/not equal 
Errors Detected: 
Error # 
Comments: 
Cause 
Registers Unsafe Across Call: None. 
Algorithm: 
How Passed 
R2 + ZCON + first Hw 
R4 + ZCON + first Hw 
R5 
How Passed 
Condition Code 
Fixup 
Compares structures, ha1fword by ha1fword, until two are found that are 
different or the end of the structure is reached. If inequality is found 
LM, restore R3, and set CC to 1. If equal, then LM, restore R3, and set 
CC to O. 
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MSTR 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MSTR Size of Code Area: 10 Hw 
------=;;..;;,..--
Stack Requirement: 
__ .... 1 ... 8:......_-:Hw Data CSECT Size: ___ 0_ .... ____ Hw _ 
o Intrinsic (EJ Procedure 
Other Library Modules Referenced: None. 
; 
ENTRY POINT DESCRIPTIONS 
Primary En try Name: M8TR 
Function: Moves a structure to or from a remote location. 
Invoked by: Ga Compiler emitted code for HAL/S construct of the form: 
81 = S2 •.. , where 81, 82, or both is a REMOTE structure occupying n 
halfwords. 
[J Other Library Modules: 
Execution Time (microseconds): 16.8 + 15.0n 
Input Arguments: 
~ 
structure (S2) 
integer (n) 
ou'tput Results: 
~ 
structure (Sl) 
Errors Detected: 
Error # 
Precision 
SP 
Precision 
Cause 
Comments: . 
Reg~sters Unsafe Across Call: None. 
How Passed 
R4 + ZCON + first Hw 
R5 
How Passed 
R2 + ZCON + first Hw 
FixllP 
Algorithm: Moves structure halfword by halfword. 
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MRQQNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: M';;:.R;:;O:=.D:;:,N~P::..--__ _ Size of Code Area: 16 Hw _ __ H"'"-___ _ 
Stack Requirement: 20 H _____ --.; w Data CSECT Size: ------~Q~------- Rw 
o Intrinsic Ii] Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary En try Name: MRODNP 
Function: Moves a scalar value to all positions of a partition of a double 
precision matrix. 
Invoked by: 
Uilcompiler emitted code for HALlS construct of the form: 
MA TO B C TO D = Xi where X is a scalar, and M is a double ~recision 
, REMOTE matrix. 
o Other Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
scalar 
;j.nteger(n) 
~nteger(m) 
integer (outdel) 
output Results: 
~ 
matrix (n,m) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
SP 
DP 
Precision 
DP 
22.8 + n(5.6 + 9.8m) 
How Passed 
FO 
R5 
R6 
R7 
How Passed 
R2 -+ ZCON -+ oth el.ement 
Cause Fixu;.;> 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
Units 
Units 
Same as MROSNP except use 4 . (# columns) as row length in halfwords, and 
use double precision store. 
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MROSNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MROSNP Size of Code Area: ___
_____
__ ~1~6 ___ Hw 
stack Requirement: 20 H _____ ..-.;w Data CSECT Size: 
o Hw. 
o Intrinsic eg Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MROSNP 
Function: Moves a scalar value to all positions of a partition of a REM
OTE 
single p+ecision matrix. 
Invoked by: GJ Compiler emitted code 
MA TO B,C TO D = Xi 
[] Other Library Modules: 
for HALlS construct of the form; 
where X is a scalar, and M is a REMOTE single 
precision matrix. 
Execution Time (microseconds): 22.8 + n (5.6 + 8. 6m) for an n x m partition. 
Input Arguments: 
1'~ 
sca-rar 
integer(n) 
integer(m) 
integer (outdel) 
output Results: 
~ 
matrix (n,m) 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
SP 
DP 
Precision 
SP 
Cause 
How Passed 
FO 
R5 
R6 
R7 
How Passed 
R2 -r ZCON + oth element 
Registers Unsafe Across Call: FOrFl. 
units 
Algorithm: Find row length in halfwords by SLL # columns, 1 add row len
gth 
to outdel 
Loop: Indexing on # rows, using BCTB 
Loop: Indexing on # columns, using BCTB 
Store scalar in pointed to output element 
End. 
Add outdel (with row size) to output pointer 
End. 
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MRlDNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MRIDNP Size of Code Area: _____ 2::.,:2 Hw 
Stack Requirement: 20 H ___ .;.;.,.._~w Data CSECT Size: 
________ O ________ Hw 
o Intrinsic l!J Procedure 
Other Library Modules Referenced: None 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MRIDNP 
Function: Moves a partition of a double precision matrix to a partition 
of a double precision matrix. At least one of the matrices has the REMOTE 
attribute. 
Invoked by: GJ Compiler emitted code for HALlS construct of the form; 
MI = M2A TO B,C TO Di 
MIA TO B C 0 = M2 i o Other Library ~oJ'ules: 
where MI and M2 are double precision matrices, 
and at least one of MI and M2 is REMOTE. 
Execution Time (microseconds): 28.4 + n(8.2 + IS.Om) for nxm partition. 
Input Arguments: 
't'~~ 
ma""ErIX ( n ,m) 
integer (rows) 
integer (columns) 
integer (indel,outdel) 
output Results: 
~ 
matrix(n,m) 
Errors Detected: 
Error # 
Comments: 
precision 
DP 
SP 
SP 
DF 
Precision 
DP 
How Passed 
R4 + ZCON + oth element 
R5 
R6 
R7 
How Passed 
R2 + ZCON + oth element 
Cause Fixup 
Registers Unsafe Across Call: FO,FI. 
Algorithm: 
Same as MRlSNP, except use double precision loads and stores and use 
4 . (# columns) as row length. 
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MRlSNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MRlSNP Size of Code Area: 22 H,,' 
-----
Stack Requirement: ___ ..;;;2~2_....;Hw Pata CSECT Size: o Hw 
o Intrinsic lID Procedure 
Other Library Modules Referenced: None. 
EN~'RY POINT DESCRIPTIONS 
Primary Entry Name: MRlSNP 
Function: Moves a partition of a single precision matrix to a partition 
of a signle precision matrix. Either or both matrices have the REMOTE 
attribute. 
Invoked by: 
~ Compiler emitted code for ~~/S construct of the form: 
Ml = M2A TO B,C TO Di where MI and M2 are single precision matrices, 
and at least one of Ml, M2 is REMOTE. 
MIA TO B,C TO D = M2; o Other Library Modules: 
Execution Time (microseconds): 28.4 + n(S.2 + l2.6m) for nxm partition. 
Input Arguments: 
~ 
mat:r.J..x(n,m) 
~nteger(n) 
J..nteger (m) 
integer (J..ndel,outdel) 
output Results: 
~~ 
matrix (n,m) 
Erro:t:s Detected: 
Error # 
Precision 
SP 
SP 
SP 
(sp II SP) 
Precision 
SP 
Cause 
How Passed 
R4 + ZCON + oth element 
RS 
.R6 
.R7 
.How passe~ 
R2 ->- ZCON + oth elemen-t 
Units 
Units 
Comments: 
Registers Unsafe Across Call: FO,FI. 
REPRODUCIBILITY or Tl 1.:; 
ORtGINAL PAGE IS r 
Algorithm: Separate indel and outdel into separat.,;! registers. 
in halfwords, of result matrix by shifting left 1, # Clolurnns 
Add rowsize to indel 
Add rowsize to outdel 
Loop: Indexing on # of rows of output, alld using BCTB 
Loop: Indexing on # of columns of. input, using BCTB 
load (single precision) pointed to input \:!lement 
store (single precision) pointed to output element 
End. 
End. 
Add indel (with row size added) to input pointer 
Add outdel (with row size added) to output pointer 
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MRITNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MRlTNP Size of Code Area: 24 Hw 
-------
Stack Requirement: 22 Hw 
--...;;;.;;;;...--......; Data CSECT Size: ____ 0_____ Hw , 
o Intrinsic El Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MRITNP 
Function: Moves a partition of a double precision matrix to a partition 
of a single precision matrix. A t least one of the matrices has the REMOTE 
attribute. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
MI =.M2A TO B;C TO D; where Ml is a single precision matrix, M2 is a 
MI M2 double precision matrix, and at least one of A TO B,e TO D = - .; o Othe~ Li.brary Modules: MI a.nd M2 is REMOTE. 
Execution Time (microseconds): 31.2 + n(7.6 + 13.8m) for nxm partition. 
Input Arguments: 
~ 
rna trTxTU, m) 
integer (rows) 
integer (columns) 
integer (indel,outdel) 
output Results: 
~ 
matrix (n,m) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP (s:f, SP) 
Precision 
SP 
Cause 
Registers Unsafe Across Call: FO,FI. 
Algorithm: 
How Passed 
R4 -+ ZCON -+ oth' eiement 
R5 
R6 
R7 
How Passed 
R2 -+ ZCON -+ oth element 
Fixup 
Units 
Units 
Same as MRlSNP, except use double precision load for index alignment, and 
use 4 . (# columns) as the length in halfwords of double precision partition. 
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MRIWNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: MRIWNP Size of Code Area: 24 Hw -----'~----
Stack Requirement: ___ 2_2 __ ~HW Data CSECT Size: o Hw. ---~----
o Intrinsic iii Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: MRIWNP 
Function: Moves a partition of a single preclsl0n matrix to a partition 
of a dOuPle precisian matrix. Either or both matrices have REMOTE attribute. 
Invoked by: ua Compiler emitted code for 
Ml = M2 ; 
. a TO b, c TO d 
MIa TO b,c TO d = M2; 
[] Other Library Modules: 
HALlS construct of the form: 
where Ml is a double precision 
M2 is a single precision 
at least one of Ml or M2 
matrix, and 
matrix, and 
is REMOTE. 
Execution.Time (microseconds): 
Input Arguments: 
;rype 
matrlx 
integer (rows) 
integer (columns) 
integer (indel,outdel) 
output Results: 
~ 
matrix 
Errors Detected: 
Error # 
Comments: 
Precision 
SP 
SP 
SP (SP,SP) 
Precision 
DP 
32.8 + n(8.2 + 13.8m) for nxm partition. 
How Passed 
R4 + ZCON + otN element 
R5 
R6 
R7 
How Passed 
R~ + ZCON + oth element 
Cause Fixup 
Registers Unsafe Across C~ll: FO,Fl. 
Algorithm: 
Same as for MRISNP, except use double precision storeS after zeroing 
the low half of the floating point register. 
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VRODN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRODN 
------
Size of Code Area: __ ....:;6 _____ Ilw 
18 Data CSECT Size: ___ ...:0::..-____ Hw Stack Requirement: Hw 
-------
o Intrinsic iii Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
PrimarY Entry Name: VRODN 
Function: Moves a scalar to all elements of a double precision 
vector w~th the REMOTE attribute. 
Invoked by: 
Gil comp~ler emitted code for HALlS construct of the form: 
V = Xi X a scalar, V a REMOTE double precision vector~ 
[] Other Library Modules: 
) 
Execution Time (microseconds): 16.4 + 9.2n, 
Input Arguments: 
Type 
scaIar-
integer(n) 
output Results: 
~ 
vector(n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
Precision 
DP 
Cause 
n = size of vector. 
How Passed 
FO 
R5 
How Passed 
R2 + ZCON + oth element 
Fixup 
Registers Unsafe Across Call: FO,FI. 
Algorithm: 
Same as VROSN, except use double precision store. 
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VRODNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRODNP Size of Code Area: 10 Hw 
--------
Stack Requirement: ___ 1_8_~Hw Data CSECT Size: o Hw, 
---......;;..----
o Intrinsic [) Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRODNP 
Function: Moves a scalar to all elements of a column of a double 
precisiolf ma"trix. 
Invoked by: GU Compiler emitted code for HALlS construct of the form: 
M I" = Xi X a scalar, M a double precision REMOTE matrix. 
*, 
[Jother Library Modules: 
Execution Time (microseconds): 21.2 + 10.On, n length of vector result. 
Input Arguments: 
~ 
scalar 
integer (n) 
integer (outdel) 
output Results: 
~ 
vector(n) 
Errors Detected: 
EJ:'ror # 
Comments: 
Precision 
DP 
Sl?-
SP 
Precision 
DP 
Cause 
Registers Unsafe Across Call: FO,FI. 
How Passed 
FO 
RS 
R7 
How Passed 
R2 + ZCON + oth element 
Fixup 
Algorithm: Same as VROSNP, except use double precision stores. 
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VROSN 
BAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VROSN Size of Code Area: 6 Hw ~--------------
Stack Requirement: 18 Hw Data CSECT Size: o Hw 
---------
--------------
o Intrinsic ~ Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VROSN 
Function: Moves a scalar to all elements of a single precision vector with 
the REMOTE attribute. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
V = Xi X is a scalar, V a REMOTE single precision vector. 
[] Other Library Modules: 
Execution Time (microseconds): 16.4 + n . 8.0, n size of vector. 
Input Arguments: 
1'YP.~ 
sca:Iar 
integer(n) 
output Results: 
~ 
vector (n) 
Errors Detected: 
Error # 
Precision 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
FO 
R5 
How Passed 
R2 + ZCON + oth element 
Fixup 
Comments: Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
Store elements in reverse order using the input length poth as ar, index 
and to control the loop. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VROSNP 
Sou:t'ce Member Narne: VROSNP Size of Code Area: 10 Hw 
-----=;.;;....------
Stack Requirement: lS Hw Data CSECT Size: 
-----------------
o 
o Intrinsic 01 : Procedure 
Other Library Modules Referenced: none. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VROSNP 
Function: Moves a scalar to all elements of a column of a single 
precisiqn matrix. 
Invoked by: Q Compiler lemi tted code for HALlS construct of the form: 
M 'I = Xi X a scalar, M a single precision REMOTE matrix. 
*, 
[J Other Library Modules: 
h~¥' 
Execution Time (microseconds): 21.2 + S.Sn, n = length of vector result. 
Input Arguments: 
:±'.Y-l2!:. 
Sca.lar 
integer (n) 
integer (outdel) 
outp'ut Results: 
~ 
vector (n) 
Errors DI=tected: 
Error # 
Commeni:s: 
Precision 
SP 
SP 
SP 
Precision 
SP 
Cause 
How Passed 
FO 
R5 
R7 
How Passed 
R2 -)- ZCON -)- oth .element 
Registers Unsafe Across Call: FO,Fl. 
Algori't:hm: 
units 
Units 
Store elements one at a time, adding outdel to the pointer after each store. 
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HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRIDN Size of Code Area: Hw 
--------
8 
Stack Requirement: 18 Hw Data CSECT Size: ___ .....;;.0 ____ Hw 
o Intrinsic iii Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRIDN 
Function: Moves a double precision vector to a double precision vector, where 
at least one of the vectors has the REMOTE attribute. 
Invoked by: Oil Compiler emitted code for HALlS construct of the form: 
V2 = VI; where VI or V2 has been declared a REMOTE vector, 
and Vl, V2 are both double precision. 
o Other Library Modules: 
i 
Execution Time (microseconds): 16.4 + n . 15.0, n length of vector. 
Input Arguments: 
~ 
vector(n) 
integer (n) 
output Results: 
~ 
vector (n) 
Errors Detected: 
Error # 
Comments: 
Precision 
DP 
SP 
Precision 
DP 
Cause 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
How Passed 
R4 + ZCON + oth eI~ment 
R5 
How Passed 
Rl + ZCON + oth element 
Fixup 
Same as VRlSN, except use double precision loads and stores. 
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VR1DNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VR1DNP 
-------
Size of Code Area: 20 H . ______ w 
Stack Requirement: 18 H _____ ---.: w Data CSECT Size: _____ o~ __ Hw . 
o Intrinsic [?J Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRlDNP 
Function: Moves a double precision vector to a double precision vector when 
elementq of source or receiver are not contiguous, and at least one has the 
REMOTE attribute. 
Invoked by: Q Compiler emitted code for HALlS construct of the form; 
v = M J.i 
*1 
M1< = Vi 
aether 
where V is declared double precision vector, M is double precision 
matrix, and V or M is REMOTE. 
Library Modules: 
Execution Time (microseconds): 17.0n + 29.6 if neither input nor output is 
contiguous. l7.0n + 30.4 if either input or output is contiguous, 
Input lu"gumen ts : where n = length of vector. 
~ 
vector (n) 
integer (n~ 
in·teger (indel) 
integer (outdel) 
output Results: 
~ 
vector (n) 
Errors Detected: 
Error # 
Precision 
DP 
SP 
SP 
SP 
Precision 
DP 
Cause 
How Passed 
R4 -+ ZCON -+ Oth 
R5 
R6 
R7 
How !'~-::Jed 
element 
R2 -+ ZCON -+ oth element 
Fixup 
comments: 
Registers Unsafe Across Call: FO,F~. 
1I.lgoritlun : 
Same as VRISNP, except if indel or outdel 
double precision loads and stores. 
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YRISN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
VRISN Size of Code Area: 8 Hw 
--;;....-----Source Member Name: 
Stack Requirement: __ -""1;,..8_---.;Hw Data CSECT Size: __ 0 _____ Hw . 
o Intrinsic OJ :Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRISN 
Function: Moves a single precision vector to a single precision vector, 
where a~ least one of the vectors has the REMOTE attribute. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
VI ~ V2; where VI or V2 or both are remote and VI and V2 are 
single·precision. 
[JOther Library Modules: 
Execution Time (microseconds): 
Input Arguments: 
~ 
vector(n) 
integer(n) 
output Results: 
~ 
vector(n) 
Errors Detected: 
Error # 
Conunents: 
Precision 
SP 
SP 
Precision 
SP 
16.4 + l2.6n, n length of vector. 
Cause 
How Passed 
R4+ ZCON + oth element 
R5 
How Passed 
R2+ ZCON + oth element 
Fixup 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
Loops n times, using length both as index and to control the loop. Load, 
then store, each element in turn. 
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VRISNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRISNP Size of Code Area: 20 Hw 
--------
Stack Requirement: IB Hw Data CSECT Size: o Hw. 
---.....::::...----
o Intrinsic @ Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRISNP 
Function: Moves a single precision vector to a single precision vector when 
element~ of source or receiver are not contiguous and at least one has the 
REMOTE attribute. 
Invoked by: ~ 
ug Compiler emitted code for HALlS construct of the form: 
where V is declared single precision vector, M is a 
single precision matrix, and V or M has the REMOTE 
Module~ttribute. 
i 
Execution Time (microseconds): 14.6n + 30.4 if either input or output is 
contiguous. 14. 6n + 29.6 if neither input nor output is contiguous, 
Input Arguments: 
~ 
vector(n) 
in'teger Cn) 
integer (indel) 
integer (outdel) 
output Results: 
~ 
vector 
Errors Detected: 
Error # 
Conunents: 
where n = length of vector. 
Precision 
SP 
SP 
SP 
SP 
Precision 
SP 
R4 
R2 
Cause 
How Passed 
+ ZCON + oth 
R5 
R6 
R7 
How Passed 
element 
+ ZCON + Oth element 
Fixup 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
If outdel = 0, sets it to 2. 
If indel 0, sets it to 2. 
Loops 'length' times, moving one element each loop. Adds indel to input 
poin·ter and outdel t'? output pointer after each move. 
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VRlTN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRITN 
--------
Size of Code Area: ____ 8 _________ HW 
Stack Requirement: __ ...;1;;.;8 ____ ....;Hw Oat. CSECT Size: _____ 0 ____ Hw 
o Intrinsic m Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRITN 
Function: Moves a double precision vector to a single precision vector, 
where a~ least one of the vectors has the REMOTE attribute. 
Invoked by: 
~ Compiler emitted code for HALlS eons~ruet of the ferm; 
VI = Y2; where VI is a single precision vector, V2 is a double precision 
vector, and at least one of VI and V2 is REMOTE. 
[] Other Library Modules: 
Execution Time (microseconds): 16.4 + l3.8n, n = length of vector. 
Input Arguments: 
Type Precision How Passed Units 
vector (n) DP R4 -+- ZCON -+- oth element 
integer(n) SP R5 
output Results: 
~ Precision How Passed Units 
vector 8P R2 -+- ZCON -+- oth element 
Errors Detected: 
Error # Cause Fixll,e 
Comments: 
Registers Unsafe Across Call: FO,Fl. 
Algorithm: 
Same as VRISN, except use double precision loads. 
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VRITNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Sou:t'ce Member Name: VRITNP Size of Code Area: ____ 20 ____ Hw 
Sta.ck Reg.uirement: 18 Hw 
---....;;:.;:;...--.; 
Data CSECT l;-;ize: _____ 0____ Hw . 
o Intrinsic EJ Procedure 
other Library Modt1..1es Referenced: None. ~BQ~~~~ ________ u. __ .. __________________________________________________ '" 
~~R¥ POINT DESCRIPTIONS 
primary Entry Name: VRITNP 
Function: Moves a double precision vector to a single precision vector, 
When ele1jlen·ts of source or receiver are not contiguous, and at least one 
of them has the REMOTE attribute. 
Invcl;;ed by: GU Compiler emitted code for HALlS construct of the form: 
where V is a single precision vector, M is a double precision 
matrix, and V or M is REMOTE. 
[J Other Library Modules: 
Execui::ion Time (microseconds): 15.8n + 30.4 if either input or output is contiguous. 
15.8n + 29.6 if neither input nor output is contiguous, where 
Input Arguments: 
~, 
vec'cor (n) 
intege:r: (n) 
illteqm: (indel) 
integer (outdel) 
OU'l::Pl.lt ~es1.11·ts: 
:£.~ 
vector 
Errors Detected: 
Error # 
CClm!;H.'!l'.l::;;:. ~ 
precision 
DP 
SP SP 
SP 
Precision 
SP 
n = length of vector. 
R4 
How Passed 
-+ ZCON ->- otn 
R5 
R6 
R7 
How Passed 
element 
R2 -+ ZCON ->- Oth element 
Cause Fixup 
;:',C(l'ist~rs Unsafe Across Call! FO ,Flo 
Algoxi,t.r.ro.~ 
Same as VRlSNP except if indel 
precision loads. 
0, sets it to 4, and does double 
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VRIWN 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRIWN Size of Code Area: 10 Hw ----'~---------
Stack Requirement: ... ____ 1_8_....;Hv Data CSECT Size: __ ....;0=--_____ Hw . 
o Intrinsic (] Procedure 
Other Library Modules Referenced: None. 
ENTRY POINT DESCRIPTIONS 
Primary Entry Name: VRIWN 
Function: Moves a single prec~s~on vector to a double precision vector, 
where at.least one of the vectors has the REMOTE attribute. 
Invoked by: 
~ Compiler emitted code for HALlS construct of the form: 
VI = V2; VI or V2 remote, VI double precision, and V2 single precision. 
[] Other Library Modules: 
Execution Time (microseconds): 20.6 + 13.8n, n length of,Yector. 
Input Arguments: 
~ Precision How Passed units 
vector (n) SP R4~>- ZCON + oth element 
integer(n) SP R5 
output Results: 
~ Precision How Passed Units 
vector(n) DP R2 + ZCON + Oth element 
Errors Detected: 
Error # Cause Fixup 
Comments: 
Registers Unsafe Across Call: FO, Flo 
Algorithm: 
Same as VRlSN, except use double precision store with low half of floating 
register zeroed. 
REPRODUCD3rr~~ 0;-\ '1H~;\ 
ORIGINAL PAGti . '. 
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VRlWNP 
HAL/S-FC LIBRARY ROUTINE DESCRIPTION 
Source Member Name: VRIWNP Size of Code Area: 22 H _______________ w 
stack Req~irement: __ ..;1.;.,8 ___ --.;HW Dat. CSEC'l' Size: ____ ..:;0 ___ Hw . 
o Intrinsic rn Procedure 
Other I,ibrary Modules Referenced: None. 
ENTRY PO~NT DESCRIPTIONS 
Primary Entry Name: VRIWNP 
Function: Moves a single precision vector to a double precision vector, when 
elements of source or receiver are not contiguous, and at least one of 
them has the REMOTE attribute. 
Im70ked by: -
E]Compiler emitted code for HF~/S construct of the form: 
v = M*t J ; 
. where V is a double precision 
and V or M is REMOTE. 
vector, M is a single precision matrix, 
rJ Other Library Modules: 
Execution Time (microseconds): 15. 8n + 31. 2 if either input or output is contiguous. 
15.8n + 32.0 if neither input nor output is contiguous. 
Inpllt Arguments: 
r.t'~e 
vectOr(n) 
integer(n) 
integer (indel) 
integer (outdel) 
Output Results; 
~ 
vector(n) 
Errors Detected: 
Error # 
Comments; 
Precision 
SP 
SP 
SP 
SP 
Precision 
DP 
Cause 
How Passed 
R4 + ZCON + otE el'ement 
R5 
R6 
R7 
How Passed 
R2 + ZCON + oth element 
Registers Unsafe Across Call: FO/Fl. 
Algorithm: 
Units 
Units 
Same as VRISNP, except if outdel = 0, sets it to 4, and uses double 
precision stores, after clearing the low half of the floating point register. 
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6.0 SYSTEM INTERFACES 
This section deals with characteristics and behavior 
of the HAL/S-FC compiler as related to the environment in 
which the compiler operates. Specifically, these items are 
in relation to the host computer in which the compiler is 
executed. 
6.1 Internal System Interfaces 
The HAL/S-FC compiler is designed to operate under os/360 
MVT or an equivalent operating system (such as OS/VS2 on IBM 
370 equipment.) The compiler was developed under Release 21.6 
of OS and uses many of the features of that system. 
6.1.1 Macro Instructions 
All operating system communication is performed via 
standard assembler language macro instructions as provided 
with OS MVT. The following list contains the names of all 
macros executed directly by the HAL/S-FC compiler. 
AJ3END 
DCBD 
GET 
OPEN 
SAVE 
TTIMER 
BLDL 
DELE'rE 
GETBUF 
POINT 
SPIE 
WRITE 
CHECK 
FIND 
GET MAIN 
PU'l' 
STIMER 
CLOSE 
FREEMAIN 
LOAD 
READ 
STOW 
DCB 
FREEPOOL 
NOTE 
RETURN 
TIME 
The forms of some of these macros require further 
explanation~ 
FREEMAIN -
GET MAIN 
All FREE MAIN macros use the SP parameter 
to indicate subpool 22. Both freeing of 
single elements of storage and freeing of 
an entire subpool are performed. 
All requests for main storage are made 
with the SP operand specifying subpool 22. 
GETMAINs are done for both single elements 
of storage of specific size and once, during 
compiler initialization, for a varia.ble 
region using the VC form of GETMAIN. This 
initialization GETMAIN obtainB the largest 
contiguous element of memory available in 
the job step region. This memory (assigned 
to subpool 22) is used to hold executable 
compiler code and as a data area for the compiler. 
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The STlMER macro with the TASK option is 
used to start an account.ing of CPU time used 
by the compiler. 
The TTlMER macro is used to test the TASK 
interval timer as started by the STlMER 
macro to determine elapsed CPU time at 
various points in a compilation. 
6.1.2 Dynamic Invocation of the Compiler 
The HALlS-PC compiler may be dynamically invoked by 
another processing program. The details of this interface 
are controlled by the HAL/SDL Interface Control Document. 
The dynamic invocation capability allows: 
• specification of a parameter string to be acted 
upon by the compiler, 
• specification of an alternate DDNAME list for those 
DD cards referenced by the compiler, and 
• specificat.ion of communication areas in which the 
compiler will supply information to the invoking 
program. 
The compiler takes the following actions to restore its 
environment upon return to the program which performed the 
invocation. 
• All DCB's opened by the compiler are closed and 
any automatically acquired buffers are FREEPOOLed. 
• All GETMAINed storage is FREEMAINed. 
• The SPIE exit (if any) is restored to its status 
upon entering the compiler. 
6.1.3 OS/360 Access Methods 
In performing input/output processing the HAL/S-FC 
compiler uses the OS Data Management Access Methods: 
BSAM QSAM BPAM 
No other access methods are used, and all datasets manipulated 
by the compiler are standard OS/360 datasets. 
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6.2 User or External System Interfaces 
The majority of ways in which users of the HAL/S-FC compiler 
interact with the compiler are described in Sections 2 through 5 
of this document. However, the primary vehicle for user communi-
cation with this system is Job Control Language which is a 
part of the compiler's interface to the system in which it 
operates. This subsection describes the two areas of external 
or user interfaces to the system: 
1) user-defined options acted upon by the compiler, an<,1 
2) Ehe JCL with which the user defines the compiler's data 
and hence the environment in which the compiler is 
to operate. 
6.2.1 User-defined Options 
The HAL/s-FC compiler has a number of optional features 
which may be exercised by the user. These options are indicated 
via keyword parameters passed to the compiler in the standard 
OS/360 method. The options are either passed to the compiler 
during dynamic invocation as described in the HAL/sDL ICD, or 
are passed via the PARM field on the EXEC card in the JCL 
invoking the compiler. A list of these options and their 
effects may be found in Appendix A. 
6.2.2 Job Control Language Specification 
JCL is the means by which any user of the compiler defines 
the set of data upon which the compiler is to operate. This JCL 
is therefore the first interface of the user and the compiler. 
Once this set of data is specified, all other interfaces with the 
user are through this data in the manner described in preceeding 
chapters. The remainder of this subsection consists of two 
parts: 1) a listing of some typical JCL for compiler invocation; 
and 2) a chart describing the uses, presumed attributes, and aocess 
methods for all DD cards. 
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IIHALFC 
//HAL 
II 
I/STEPLIB 
//PROGRAM 
//SYSPRINT 
IILISTING2 
I/OUTPUT3 
II 
II 
IIOUTPUT4 
/IOUTPUT5 
II 
//OUTPUT6 
II 
I/OUTPUT7 
/IERROR 
IIFILE1 
/IFILE2 
/IFILE3 
/ /FILE5 
/IFILE6 
PROC OPTION= 
EXEC PGM=MONITOR,REGION=350K,TIME=1, 
PARM='&OPTION' 
DD DISP=SHR,DSN=HALS101.MONITOR 
DD DISP=SHR,DSN=HALS101.COMPILER 
.,~.,~-,,-,"""""'" . 
-'--- ~.--
DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=3458) 
DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=3458) 
DD UNIT=SYSDA,DISP=(MOD,PASS),SPACE=(CYL,(1,1», 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=400), 
DSN=&&HALOBJ 
DD SYSOUT=B,DCB=(RECFM=FB,LRECL=80,BLKSIZE=400) 
DD DISP=(MOD,PASS),DSN=&&HALSDF,SPACE=(TRK,(2,2,1», 
DCB=(RECFM=F,LRECL=1680,BLKSIZE=1680),UNIT=SYSDA 
DD DISP=(MOD,PASS),DSN=&&TEMPLIB,SPACE=(TRK,(2,2,1», 
DCB=(RECFM=FB,LRECL=80,BLKSIZE=1680),UNIT=SYSDA 
DD DUMMY,DCB=(RECFM=FBM,LRECL=133,BLKSIZE=133) 
DD DISP=SHR,DSN=HALS101~ERRORLIB 
DD UNIT=SYSDA,SPACE=(CYL,3) 
DD UNIT=SYSDA,SPACE=(CYL,3) 
DD UNIT=SYSDA,SPACE=(CYL,3) 
DD UNIT=SYSDA,SPACE=(CYL,3) 
DD UNIT=SYSDA,SPACE=(CYL,3) 
Typical JCL for Compiler Invocation 
6-4 
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00010000 
00020000 
00030000 
00040000 
00050000 
00060000 
00070000 
00080000 
00090000 
00100000 
00110000 
00120000 
00130000 
00140000 
00150000 
00160000 
00170000 
00180000 
00190000 
00200000 
00210000 
00220000 
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DDNA...'1E 
PROGRA.1>.1 
SYSPRINT 
LISTING2 
OUTPUT3 
OUTPUT4 
OUTPUTS 
OUTPUT6 
OUTPUT7 
ERROR 
FIlE 1 
I FUNCTION 
I executable 
compiler phases 
Primary listing 
Secondary unformat-
ted li.!?ting 
I object module output 
duplicate object 
module output 
Simulation data file 
output 
Template search and 
creation 
pseudo-assembly 
listing for link-
edit ABSLIST functUI 
Compiler errOr 
message retrieval 
HAIkffiT work file 
"1 
Compiler DDNAMES , Uses, and Requirements 
DEVICE REQUIREMENTS LRECL RECFN BLKSIZE 
direct access 7200 F 7200 
magnetic tape 
printer 133 FBA 345S1 
intermediate storage 
· printer 133 FBA 34581 
intermediate storage 
direct access SO FB 4001 
· 
magnetic tape 
· card punch 
direct access SO FB 4001 
magnetic tape 
card punch 
· 
direct access 16S04 F4 16S04 
direct acceSS S02 FB , 16S02 
direct access 133 FBM 345S1 
· 
magnetic tape 
· direct access SO FB 400 
direct accesS 7200 F 7200 
BUFN03 DSORG 
0 PS 
1 PS 
1 PS 
1 PS 
1 PS 
0 PO 
1 PO 
1 PS 
1 PO 
0 PS 
[ 
r'" '~>i 
ACCESS METHOD, 
MACRF 
BSAM, R 
QSAM, PL 
QSAM, PL 
QSAM, PL 
QSAM, PL 
BPAM, W 
BPAM, WR 
BSAM, PL 
BPAM, R 
BSAM, RWP 
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DDNAHE 
FlLE2 
FILE3 
FILES 
FlLE6 
SYSIN 
INCLUDE 
ACCESS 
Compiler DDNAME.3, Uses! and Requirements. (Con't) 
FU~(:TION DEVICE REQUIREMENTS LREeL RECFM BLKSIZE BUFN03 DSORG 
Lit~ral communicatiac · direct access 1560 F 1560 0 PS 
area 
phase I Init/Const 
work area direct access 1600 F 1600 0 PS 
Phase II code gen. 
work area 
Phase III paging area direct access 1680 F 1680 0 PS 
Statement data · direct access 512 F 512 0 PS 
communication area 
Primary source · card reader 80 <= FB legal mul- l PS 
input · intermediate storage LRECL < tiple of 
132 LRECLl 
Secondary source · direct access 80 <= FB legal mul- l PO 
input LRECL <= tiple of 
132 LRECLl 
ACCESS Rights · direct access 802 FB 16802 1 PO 
control 
. 
--- ---_ .. ----
Notes: 
1. BLKSIZE value may be altered by user to any installation-legal value. 
2. Compiler will use LRECL and BLKSIZE supplied by user. 
3. BUFNO may be specified by user for any PS type datase ts. 
4. Defaults are shown; Records are always vlritten as 1680 blocks but user-supplied attributes 
will be retained. ~ 
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ACCESS METHOD, 
MACRF 
BSAM, RWP 
BSAM, RWP 
BSAM, RWP 
BSAM, RWP 
QSAM, GL 
BPAM, R 
BPAM, R 
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Appendix A 
Compile-Time JCL Options 
This Appendix describes the compiler options which may be coded in the PARM field of the EXEC card in the Job Control Language invoking the compiler. In all cases, options are separated in the PARM field by commas~ If 
an option is referenced more than once in a PARM field, the last reference (scanning left to right) will be used to determine the option's setting. 
There are two general classes of options recognized by the compiler: Type 1 options having a binary value of "on" or "off", and Type 2 options having a numeric or string value. 
Type 1 Options 
Type 1 options are controlled by keywords in the PARM field. The appearance of the keyword indicates that the option is to be "on" during the compilation unless the keyword is preceeded by the characters "NO" in which case the option is "off". Some Type 1 options have alternate, shorter spellings which may be used interchangably with the standard keywords. 
When a Type 1 option has an alternate form, the 
negative or "off" value (equivalent to adding 'NO' to the standard keyword) is specified by preceeding the 
alternate form with the character 'N'. The 'NO' and 'N' notations may only be used with the standard and alternate forms respectively. For example, the LIST option has the alternate form L. If the negative is to be specified, it may be done as NOLIST or NLi NLIST or NOL will not be recognized. 
The following Type 1 options are recognized. The default settings shown are used in the absence overriding PARM field specifications. 
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I 
LISTING2 L2 
Dur-IP DP 
LIST L 
TRACE TR 
; ,~ 
DECK D 
TABLST TL 
SRN none 
TABLES TBL 
A,DDRS A 
ZCON z 
TABDMP TBD 
Default 
off 
off 
otf 
on 
off 
off 
off 
on 
off 
on 
off 
A-2 
Function 
Causes unformatted source 
listing to be generated. 
Requests the compiler to 
produce a memory dump if 
certain internal compiler 
errors occur. 
Produces an assembly listing 
from Phase II of the compiler. 
Causes the generation of a 
link to the HSS end-of-
statement routine in the 
object ~odule. Enables Real 
Time execution and debugging. 
Controls production of an 
additional object deck on 
the OUTPUT4 DD card. 
Causes Phase III of the 
compiler to produce formatted 
dump of the simulation data 
file (SDF). 
Causes the compiler to omit 
the last eight columns or 
characters from the source 
scanning. These columns 
are then used to print infor-
.mation on the listing. 
Controls gen~ration of Simu-
lation Data Piles. 
I'ndica tes the presence of 
statement address informa-
tion in the Simulation Data 
Files. 
Indicates external linkage 
conventions to be used (via 
Z CONs or direct). 
Causes Phase III of the compiler 
to produce a hexadecimal du~p 
of the simulation data file. 
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Keyword Alternate 
SDL none 
FCDATA FD 
ZCON Z 
SCAL SC 
MICROCODE MC 
SREF SR 
Default 
off 
off 
on 
on 
on 
off 
REPRODUCIBILITY OF TUB 
ORIGINAL PAGE 
A-3 
Function 
Informs the compiler that it 
is operating within the SOL. 
ACTIONS specific to SDL opera-
tions are keyed to this option 
such as inclusion of SRN, 
Change Authorization Field 
and Socirce record revision 
indicator on primary listing. 
Causes HAL/S-360 data to be 
allocated using a halfword as 
the basic memory unit. This 
causes data area allocation 
which maps directly into HAJ .. /S-
FC data allocation. 
Causes calls to out-of-line 
routines to be performed via 
long indire7t address constants 
(ZCONs) . 
Allows use of SCAL/SRET instruc-
tions for subroutine linkage. 
If off, BAL linkage is used. 
SCAL is meaningless if 
NOMICROCODE is specified. 
Allows use of instruc~ions which 
only exist on late versions of 
the Space Shuttle GPC. This 
includes SCAL, SRET, MVS, MVH 
and BIX. Use of SCAL and SRET 
may be separately controlled 
with the SCAL option. 
Causes special processing of user-
defined symbols which appear 
within an EXTERNAL COMPOOL 
template which is included in 
another compilation. Any items 
in such a COMPOOL which are not 
referenced by the primary compila~ 
tion unit are not printed in 
the symbol table listing. 
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Type 2 Options 
Type 2 options have "values" which may be altered by 
the user. The values are specified by including the pseudo-
assignment statement: 
•.. ,<type 20pt>=<value>, •.. 
in the PAID1 field where <type 2 opt> is one of the legal 
type 2 options, and <value> is the value to be used during 
compiler execution. The form of <value> is determined by 
the specific options. Some Type 2 options have alternate, 
shorter spellings which may be used interchangably with 
the standard forms. 
The following Type 2 options are recognized. The 
default values shown are used in the absence of overriding 
PARM field specifications. 
standard Alternate 
PAGES= P= 
LINECT= LC= 
TITLE= T= 
SYMBOLS= SYM= 
MACROSIZE= MS= 
Default 
250 
59 
null 
200 
500 
,A..-4 
Function 
Sets tbe maximum page num-
ber to be allowed in genera-
tion of the primary compila-
tion listing. 
Sets the maximum number of 
lines which will be printed 
on anyone page of either 
the primary or secondary 
pource listing. 
Specifies 1 to 60 characters 
used by the compiler when 
printing header information 
at the top of each page of 
the listing. 
Specifies the size of the 
compiler's symbol table. 
Specifies the maximum 
number of characters 
allowed in text of macro 
definitions. 
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standard Alternate 
LITSTRINGS= LITS= 
COIvlPUNIT::r. CU= 
XREFSIZE= XS= 
CARDTYPE= CT= 
LABELSIZE= LBLS= 
DSR= none 
Default 
2000 
o 
2000 
null 
1200 
1 
A-5 
Func·tion 
Specifies the maximum total 
number of characters allowed 
in character literals in a 
table. 
Specifies a compilation unit 
number to identify the unit 
of compilation. The number 
is made available in the SDF 
and in the Block Data Areas 
for code blocks in a HAL/S-FC 
compilation. 
Specifies the number of CJ~oss 
reference table entries allo-
cated by the compiler. Each 
entry used 4 bytes of storage. 
Specifies pairs of characters 
which define a mapping of 
arbitrary input record types 
(column 1 of ·the record) into 
the standard types (E,M,S,C, 
D, and blank). E.g. CT=XYCM 
would cause any 'X, records 
to be compiled as comments 
and an~ IT' records to be 
compiled as 'M' records. 
Specifies the maximum pumber 
of internal label poi~ts 
which will be maintained by 
the code generator. 
Specifies the value to be used 
for the data sector register 
in the right hand half\vord 
of the R2 operand of the ~rJH 
instruction. The compiler 
will us~ this value explicitly 
when it is not possible to 
use a standard Z-type address 
constant in which the DSR 
field is filled in by the 
linkage editor. 
ltEPRODUClBll.J1Y OF Ifi 41!~ 
otttd:1NAL PAGE IE yc'. 
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Appendix B 
Compiler Directiveu 
The following compiler directives have been defined for the 
HAL/s-FC compiler. 
a) The DEVICE directive has the form: 
D DEVICE CHANNEL=n <option> 
This option is accepted by the HAL/S-FC compiler 
to insure compatability of source input with the 
HAL/S-360 compiler. It has no effect in HAL/S-FC 
operation. 
b) The INCLUDE directive has the form: 
c) 
d) 
D INCLUDE <name> <option> 
or 
D INCLUDE TEMPLATE <unit name> <option> 
This directive names a member of an include library as 
defined in Section 2.2. The <option> may be "NOLIST" 
or null. The "NOLIST" option indicates 'that the 
included text is not to be listed. 
The PROGRAM directive has the form: 
D PROGRAM ID=<id> 
This directive provides a Program Identification 
Name to be used by the compiler to determine access 
rights to controlled resources as described in 
Section 2. 3. 
The version directive has the form: 
D VERSION @ 
This directive provides version information for templates. 
It is generated and checked automatically by the compiler. 
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e) The EJECT directive has the form: 
DEJECT 
and causes the compiler to eject a page before 
resuming generation of the primary source listing. 
The EJECT directive record is not printed on the 
listing. 
f) The SPACE directive has the form: 
D SPACE [<n>] 
where <n> is an integral number. 
This directive causes the compiler to skip <n> lines 
prior to generation of the next line in the primary 
source listing. The <n> may be omitted in which case 
one line is skipped. If <n> is greater than 3, 3 lines 
are skipped. The SPACE directive is not printed on the 
listing. 
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Appendix C 
Error Classifications 
Note: "b" denotes a blank. 
CLASS A: ASSIGNMENT STATEMENTS 
A ARRAY ASSIGNMENT 
V COMPLEX VARIABLE ASSIGNMENT 
b MISCELLANEOUS ASSIGNMENT 
CLASS B: COMPILER TERMINATION 
B HALMAT BLOCK SIZE 
N NAME SCOPE NESTING 
S STACK SIZE LIMITATIONS 
T TABLE SIZE LIMITATIONS 
X COMPILER ERRORS 
b MISCELLANEOUS 
CLASS C: COMPARISONS 
b GENERAL COMPARISONS 
CLASS D: DECLARATION ERRORS 
A ATTRIBUTE LIST 
C STORAGE CLASS ATTRIBUTE 
D DIMENSION 
F FUNCTION DECLARATION 
I INITIALIZATION 
I. LOCKING ATTRIBUTE 
Q STRUCTURE TEMPLATE TREE ORGANIZAT.ION 
S FACTORED/UNFACTORED SPECIFICATION 
T TYPE SPECIFICATION 
C-l 
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UNDECLARED D,ATA 
r-1ISCELLANEOUS 
CLASS E: EXPRESSIONS 
A' ARRAYNESS 
B BIT STRING EXPRESSIONS 
C CROSS PRODUCT 
o DOT PRODUCT 
L LIST EXPRESSIONS 
M MATRIX EXPRESSIONS 
o OUTER PRODUCT 
V VECTOR EXPRESSIONS 
b MISCELLANEOUS EXPRESSIONS 
CLASS F: FORMAL PARAMETERS & ARGUMENTS 
D DIMENSION AGREEMENT 
N NUMBER OF ARGUMENTS 
S SUBBIT ARGUMENTS 
T TYPE AGREEMENT 
CLASS G: STATEMENT GROUPINGS (DO GROUPS) 
B BIT TYPE CONTROL EXPRESSION 
C CONTROL EXPRESSION 
E EXIT/REPEAT STATEMENTS 
L END LABEL 
V CONTROL VARIABLE 
CLASS I: IDENTIFIERS 
L LENGTH 
R REPLACED IDENTIFIERS 
S QUALIFIED STRUCTURE NAMES 
CLASS L: LITERALS 
B BIT STRING 
C CONVERSION TO INTERNAL FORMS 
F FORt-1AT OF ARITHMETIC LITERALS 
S CHARACTER STRING 
CLASS M: MULTILINE FOR!1AT 
C OVERPUNCH CONTEXT 
E E-LINE 
o OVERPUNCH USE 
C-2 
REPRODUCIBILITYOr'l'rnu 
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S-LINE 
COMMENTS 
CLASS p: PROGRAM CONTROL & INTERNAL CONSISTANCE 
ACCESS CONTROL 
COMPOOL BLOCKS 
DATA DEFINITION 
EXTERNAL TEMPLATES 
A 
C 
D 
E 
F 
L 
M 
P 
S 
T 
U 
b 
FUNCTION RETURN EXPRESSIONS 
LABELS 
MULTIPLE DEFINITIONS 
BLOCK DEFINITION 
PROCEDURE/FUNCTION TEMPLATES 
TASK DEFINITIONS 
CALLS FROM UPDATE BLOCKS 
MISCELLANEOUS 
CLASS Q: SHAPING FUNCTIONS 
A ARRAYNESS 
D DIMENSION INFORMATION 
S SUBSCRIPTS 
X ARGUMENT TYPE 
CLASS R: REAL TIME STATEMENTS 
E ON/SEND ERROR STATEMENTS 
T TIMING EXPRESSIONS 
U UPDATE BLOCKS 
CLASS S: SUBSCRIPT USAGE 
C SUBSCRIPT COUNT 
P PUNCTUATION 
Q PRECISION QUALIFIER 
R RANGE OF SUBSCRIPT VALUES 
S USAGE OF ASTERISKS 
T SUBSCRIPT TYPE 
V VALIDITY OF USAGE 
CLASS T: I/O STATEMENTS 
C 
D 
b 
CONTROL 
DEVICE NUMBER 
MISCELLANEOUS 
CLASS U: UPDATE BLOCKS 
C-3 
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I IDENTIFIER USAGE 
P PROGRAM BLOCKS 
T I/O 
CLASS V: COMPILE-TIME EVALUATIONS 
A ARITHMETIC OPERATIONS 
C CATENATION OPERATIONS 
E UNCOMPUTABLE EXPRESSIONS 
F FUNCTION EVALUATION 
CLASS X: IMPLEMENTATION DEPENDENT.FEATURES 
A 
D 
I 
U 
PROGRAM 1D DIRECTIVE 
DEVICE DIRECTIVE 
INCLUDE DIRECTIVE 
UNKNOWN OR INVALID DIRECTIVE 
C-4 NASA-JSC 
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